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:? ^4ouu 7-3. ^/ 

1. 3tf— Va-h^T-fe 



-4300 Xy-fe 

(74)f^A 999999999 

#3S± «m «| (^2«) 



(54) T^FS&^«»y^X5=^yi?c[>sajt;&^ 



(57) \mv^^i^<o^m 

c) T/w=»-/w^fcfl^'g'lfe4ioijK*^fi2jgir^:/ 



-c24B#rp^^^ t^^^h ^mm.b^^VkiK(o 



a. 



^xif^^i^^x.^ ^(D'4k(D^>^itic 

T ^ ^ffi I /W/i? T/u 3 1 : 20^2 

0:1T*>6 r t ^4^^i-6^^0«Sfflm 1 - 9^<OV^ 

[fi*«i 21 ye^r;*^- h^^r 5:y-^fctit Kn 

t ?§I47K^ ^ £ t CD ^ S:tt;H2 : 1-0. 5 : 1 r-^ ^ C 
[t#^3Sl 31 -<yi/T^-h. :^/^jK>'ffi?ib^i:t5 3 5Sfc 

offiSB 1 '-i23S<:ov>-r^x;«»^lc|Bife<o;^^feo 



^< ^ ^>25%/h$i^::i:^#ISi:-t-^tfl^<^SSffliJ163l 
Ist^3S2iI 2fi£^(^^^*5J:t>-r^>-:/U^?&f2^ir 

mo 

<D$Sffl^l6-l9JI<DV^•fnA^tc|sm<^::^^^^:y ^ 
[5»5^JS2 7l ^—y'^:y^(DtLib. ifj^ <^ 1512^16— 

A(7)i|^3tc03ti6. if^(7)«Sfflmi6— 193S<7)l^"fiX*M^ia 

y ^ ;v^—<DWk<ofz}^. ii3^o|SH^i6-l93Sov^i* 

Ur. - ^><T— (O.Bayer) {r>'^^^> 
T" • — (Angewandte Chemie) > 59^^ 1947^^ 25 
7~288M#fiS) tl. 267HiC. (a) iSl^cO t Ko 
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Hfifir7^=»— /K^)2K!;^;^'r/^i:x (b) v^>fyVT-^ 
— ht<D^mi^^^Wlrr^o 50-300kg/m3o%f&f*;65# 
^ixrV^6 : ^/l- hT/W-V (MOLTOPREN) ) o X 

K-r :y^i^3223567-^tciia^$tx:^cfc 9 t 

hivX\f^fj:\f\ 

z<D:^m(DX.^n^m:^:^t\^xco^(D^{zco mf^ 

(2.2.2) i^:^^fvr^Jr?v^ 

(D3mr^iy^m\^^^:zt7!i^-^mx^^. ^m^mit^ 

xxm^W(o-^^mvx%\\t\^x^ f^m(oism\t.tfi<oiKM. 
r?!;^ uyttiTKi^ft— z^-cf^^eot:* X(DWi^X(on 



^ co^ife ^ HJS-r S i6 «c ^ <^ ^I^^tK^ % 9tir%^\(D 

(?:)-f y i/T-^— h ^fc t)o. 001—0. 05'^S<?5;^>^^^>'^ 
-r^^mt-^^^^f^Mtvxm^^^o m-^sist-^v^ 

V, IfViJ^o- (2.2,2) N- 

2-v?y ^ y^/—/u^(Dm:M^^^fiSiM(D^^T\z 

h y a n :7/v:^a y ^ :y^'r^X(r>mM^\^^^^xm 

:y#ff ^423594-i-ll. {J^''£< <?: t>250kg/m^<7>^* 

3JSiT5ySSr^-r«>r^^^t>s n.n- 

K-r :yif ii^B38408i7-^ji3Hy ^^5^ i^^mi^^B^ 
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^m^W. *3j:tF (b) wmjjfy^yv'r-^-hJ:':)?:^ 

fl. 7^gi|#I^B4, 528, 334#) (;^=^v^T/W=^ 

(Di$^^:/(^>^^i^fi!>;^7— /v^y K (ucarmond) <d^^ 

-e^&i1iflS^ttTV>'5o ^ne>f«^400-'3.000<D@SlltO 
l>T<DBiC'>H4#ff^n9349-^ (5^y>'1i (Olin Corporat 

ion) ) trisife$nri^^o UA^L/^*5e>, 

• • if • b"— • 3.— . T--/^ • !7— K • = >' 
^ 1^:5^ (Proceedings of the PUR World Congres 
s) , 1991^9^. 686-690:^#fiS) o 

40t:cD?ajs*;:^l^b, ^mn50X:<DU^\z:hii^ L/.^ttn 

(Batelle Institute) ) ttfliflS®?^^— Lfc-T"^ 
•^-y-^— j^tt^: Lr^v^^, 12- t KD:^rV^'rTy >- 

hv :yi}^rpmM^4i20432^*:i. TKy ^^v^^x 



>:&|gfa^^. ;»ctVN®gE. ^F^^J^^^f&x 
K-r :y 4trF«304i589-^tcidi^ ejnt V ^ s mi-X*6t3 

0 { c ^ V ^ ^ 5 :t n ;^ — J: t/ tK if 

j^-x\zmt^\^^%m.(o^^mmhi^^t\f^^^^\^^ 

mf:ifj:m^i^ ^ m)HfiB4b" X XJ^mM<r> 3 h o —Mz J; 

0. 25-800kg/Ill^ i^^U<^i30-'250kg/In^ i|^tcri40 
»^SI£; Sr^Pffi T * \m¥^ U ^ 5 w t ic J: "3 . 
ffi <t ?) 25% l^il ±/h ^\i^m^^^'t^':f^:^^y^tmh 

A) ^'^^^(Dmmm. sg^^^yjifi^w^-r y-^T:t> 

~ hfci:Ufy:^fcii-^ix^b*^^K3tUOCO^ig(7)^y 
=^;^ yikbfc^iS^Sr. 

B) ^t^/u^Kv^. 4^5j:t/m'^(-J:'9 
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(jiy^.y-^^T— (H. Beyer) (D U—zl^y y - y'/l^ 
• ^ — -y i/m :/ • ^ — (Lehrbuch der organis 
Chen Chemie) . IBf^s eiZM^M) . 

^tfjl^^^^m^ }iVX—U±-(Otf/\^^>^'^\y/\^m (-CO0 

/vt>u<(i7j^yT^ h\ y-r-^-i^j!^^*5i:uf hy-^- 
y^v>m. xy:^^v®^. y</i-^^^^m. y>7-r 

Aa^-^, =2/NiJ^^. y'-^/i^. yv^/— /l^> 12 

'rf\^b<r>m^m o TMP [C2H5-C (CH2OH3) ] . r/y 
•fen— ^^^i5'^y;^y /K y/L-trh— /K ^y 



8—400, iH!Fi-fil4'-120{iCOj^^J[^^^^U, H-C 

7j^>'Se. ?Ky t KD:^i/^>/:*/u?J?>'ii^*5J:T^3i^y K 

4f y t Kn:3?-^>^/;^7/u:J^>'^i7Ky fc Kn=^'>7jfy 
:«;/P7jC:^gg{i'a'i^-^T5}?y t Kn raev^flifl^S^^^^fifei- 
jg^g^i^tc^tc^jnx.. ^io^. ^fcr>ri:'^^^80--iioT:r' 

^^i^T^VNSi:, ^filSliS'b^l&e^{-ib'V>T7Ky e K 
K-r !y4#fr^§B^3318596-§-*3<tO^B>:?l'H1#fl=ll237959^ 

Ji. ^ft^^^^fcti-S^g'^^W-rS'i^y t: Ko:3E.v'r 
l^67%c^):^ 2 T y 1 
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'^>^^v^9m^!^^Wi-5frUv^fc■T!7 9coi6 (NSf) 

^mum^m:^^h. m^i^^.s-^r h^y'-t^m. 9.10 

9, 10-^:x^v^-ir>'8&. 9. 10-^=3^ 

'^m^ 9,10-^^ ^T^ir^-^. 11, 12-;^:5^^7^irv 

11, 12-^>r 11, 12- K^^-fev^, 13.14 

-K='-fe>'^. 15.16-7^ h 7 =»-ir>^^*3j:U59, 10-^ 

S-K^ir^-^. irhu^>'^> 5, l3-K=^1^>^^ 
^-ffiS*? J: t5/* CUV ^^ 

jKy t Kn:^v-fliB^^ti5^^tt^cOt KD^V^fcJit K 

y ^is^jigfl^®?. 0*1 y / -v'wK. y y w 

2-v^::d-— /K :/^V-l,4-i^:e-— ^=^■»^^^-l,6 
/K fi^J*2-r40^^^5^y fu^'^/y 
;i<y >^^>'i^:3i>'v?;d-— /WjoJ;T//*fcti>J<y 



^o— /v-jojitf h y y ^^-/^7'^^/'v^o<):t)^l500^-r• 
o5>^a^£r^^■t--5^tllb<^^^^'>^^^■t^'1' h^^J^rJX 

i5'^>'^> yv'/^/^®?^ 12-1:: Kn:^v-XTry>' 

mMhmm^}tm<oi: va^^^'^mm\:^^t\^x 

1 , U < (i^l^/cC < 1 1> 3 . < t t>6CH2^ 

iiginrv^So ^*uv^v?fc Ka^e/gWfl^^{i9. lo-v^ 

t Kn^E^i^/^^/P^ ^^'^^ 9,10-i^fc: drv^;^7^r y 
0 10, 9 - ^5 .t 14, 13 - M^4{2|sr' ^ o 

e^^*55i^ib* J: J: 9 J^;^ TIC 
fi200t:"T?3IJKWlc*fe{±<i^U^oAn;t5o ^f£:(Oiitf 

ii^-irWbU. ^y fc: KD:3ri/fiiJi^^^?fMi-Sp 
fl:{i;;K*3j:i;«itt^i: U-ccoJ^^cD#:«ETtc40'-i20t:(7> 
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/K •^ari^>^- 1.2,6- h y:^-/K i/y-fen- 
/K h y ^'^T^— /V^^^'a/^v, h y >«^n— /Vrn^V-, 

V. /Ky 7'nl^U>'*3j:U^j}^y y^^UV-i^y >'l-Tfc 

PUR>fl:^T-^e>tvfc:ft&<7:)^4^3Ky t Kor^v^/Ht:^^ 

So 400~io,ooO(7)i^Sco5^^a:^Wi-S31^co:J^y ^ 
-:^x/^>J^y /ut>. ^ttb;&^2'-'6{@<^>t K?3:^f i^/i^ 

t^b-V^. :7^ywij?, -T^h^t ^'<'^— 



d ) :^if-^ ixib h y r y -fe y K^fcfi^fl^®^:^^;^^^ 

^tei: ur.^^/^rt J:v\ 'd^<D\i<o^^^^^ii^\h\^X 
oiS'^-c^jo r t> .fc V ^ 

So j!fc(?5t><^^iS^^J^^y''>T^— t."C5^-< 

s : yzn^/wyi^r;^^-h. 1,5— ^^^i^^^i^^ >^ 
i>-r^-— 4,4' -v^:7 3iri/v^ ^vv^>r yv-r^— h 

(MDI) . 7K?^>fbMDI (HisMDI) . ^VUi^v?^ y iXT^ 
(XDI) . m-*5j:t/p -X b^Tt'^/W^^ei/U'Vv? 
-Yyv^T^-— h (TMXDI) . 4,4* -i^^'^i^/^i^p*^/^ 

T^-h (TDI) (Dl^^^W^. 

-r y->r;ti-h -2,2,4- ^y7^^>'v-^^1^>'. i.e-v? 

y'>T^— h -2.4,4- h y 1-^ 

y i^r h ^ ^/v- 3 y h - 1, 5, 5- b 

y ^^/Vi^^n^dff-:/ (IPDI) . iS^4b*3iOf:^oA 

>fbi^-r y'>r-:t^-^. y v-^^v?^ y^yr^^- 4,4' 

7 7« h^i^:/^>-i,4-i^-<y->r^— b. 

1,4-v^'i' y^yr^-- b. -^=3e-»^>'-i.6-i^'Y yixr:^ 
— b (HDD . ^j-y^Ti^^i^/v;^^i^V'-< y-yr^-— 

b. i/^^ n^^1^V-l. 4--:^'!' yVT^— b. 3^^^ 
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— u u pi ^/Uy 3o=:./l — 2,4 — 
Vv^r^— 3, 3— tr:^ — ^ntapt^y^zc— T'/U— 4. 

T^-h> i.4-v?-f y->r^^-hy^>^. 1, i2-t?>r 
v'-^^y— :/^y— y^/i^^^\^. ttzrti'p ^ 9 

^ yv-r^- hj^5^a) <0 9*>3omfl:%i[^-h. 

he 

7Ky;^--/K TKy r ^ :^*^ttr ^ yr/V'='— 

y =^7t y{i:^ttfcNC05^c<Df^^ipj^^i^it-fi3:6^{-$f^ 

f£:$^5*a'tcf±, ^V^yr^—Y^ (NCO) Offl^TK 
^^r^-r^^ (ACH) iC^i-S^Sitti2:l-0.5:U 



J: Of fc tiT ^ y S ^ ^ fl-f 5 <?> 'b iS b 

3i^/u-ty3i^r y— /i^T^ h y ai^y— /VT^ 
b y y ^y— /i^r h y TT^n^^y— /ur ^>'. hy 
zf^ j—/i^T^y. h y-^=^i^y — /i^T^ hy-O' 
y -/i^r ^ hy i/^n^^i^y— /v-r^:/. 

3.^?y— /v>^ofc:'/vT^>'> ^ y — 7u:/^/^r ^ 
i;fa:^y— 7u^:x^/^T^>'x i^^ai^y — /v-^^^i^ 

y -/u 3. nyvr ^ J: coo: h ^ iy{t:ib' J: t/:/ 
?j^^e/{b±i*^. s;^rif K-i^^^ V (y:/^ (Da 

bco) ) , hy^^/wr^v-, v^y ^/u-^^-v^/vr 

(•7^>«.*7 t:*s/ K (Desmorapid) DB. /<-Y Ji/V (Baye 

r) AG) , trj^-i^y^/v-r ^y^^/V'^—T'/i^ 

^y^h (Catalyst) AK VCC) . xh^^^/^^T^ 

tr;^-'v^y^7^T:^y y^/i-^aiy— /w. 2,2- 
v^^/w* y y -r/w, 2 - (2 -e^;^ ^/VT 

^/:2i}.drv') -^:$?y— 2-v^y^/^T^ y:3i^ 

/u-3-v?y^/ur:^y:/n tvwji— T'/K t^^- (2 

— i^y f'/VT^ y •3:^^>'V') — 3:.— x/K N.N— 
b'-^^v^^-. N- (2~k Kadrv^rn h:^v/jn^/l^) - 
2 -rify/^J}</^*t->'s T^^i^-^-Vyh (Texacat) DP 
-914 {fr^"^^ • >$r^>t7/v) . N,N.N.N— r Vyy^^^^ 
':f^y-l,3-i^T^ N.N.N.N-t" >^y ^/^>^t2/«? 
>'-l,3~>^r^ y. N,N,N,N-'r h^y ^/^^=^i^>'- 
^y^uT^-^y^ ^ y ^ (heteroaromatic) T^^^ 

Christen) . ^/^^ Yy—^^^ ' t'/V- • ^—i^=^y^yzjL 
(Grundlagen der Org. Chcmiex ^4)S. 197 
7^. 378M:^I^) o ^?y;t(ir/^^/^^iiiS'^?&^^£iE<0^ 

» (+1) r ^yswcie8im^^t-J:o 

T5fev>iE(Dy yy y — (+m) ^^$r^-rSo ufc/Sf^o 

h y Ty—/^, ;^7/w<y— e^v^— ^ 
^v—fv^ ifr^'f^z—f^. ^ y;r^-y->^— -fy^T 
y-/K hyry-/K -rh^v^^/K ^^rv—fv^ 
yv^:/. :3j.yyv, -i^y^yyv-. r^j^ye^^^ 
>;^yi^>^. b-yyv?:^. e^y^i;?^, ^"7^:^^^. 
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^^y— /V, 1,2, 4, 5-7" h^y^/W ^yy— 1 

- (3 -T^ y :/n tvu) t:*y^y>^ 
2^ao:^/i-2K>'®?;feJ:U«r/v=^-"^vo^g:^4^. o.oool 

-0.5. L< {la 001-0. l^fii^T^V. ^(C^-r 

-5r/v=i-/v(Oitmo: 1— iizo-c^^eo ^ y i^r^^— h 
5o z<Dm^itat^ 0. 001-2. o^itor^>'^^v^rt> 

(Dl^MicnV. 0.1-4. $f^U<m.8-1.4^fi:(^ 
:^/i'4?>'^. *5j:m).ooi— 0.5. ^iJ^U<li0.00l— 0. 1 

y v^T^^— h (Dl^^mmkZ UT$f m U < 110. 05-15m 

J:*9^ff*u<^io.5-lofia%<^«fit?fflv^s-< 

(II) m^^^^o^il^Jlfk^'^. r/w;^y^«7K^fb 
h\ \;:7.-Yy'^y)Vi^fVfj'f^>(Y^ (II) 

— jc^/u^:3(fy^— h*3j:t;5i^3if^/w^:3e^y:ii— h 

TctV\ DABCO. TMR-2 (niT • 37^13^^ :^^) ^-J.^ 



V-l,3-v?:^— v'K y^>^-l,4->^:r— /K 
-1,3-^/::^-—/^. ;^:^-<>-^/U-^y =3— /W, ^^^l^ 
;^-dt.i^:3i h:^V/»r Ka#y ^/W^lf ;^ 

^^V) -T^K. l,4--:>- (2~t Kndr-»^/V7« 

}\^il-fV) -2, 3, h^^ n D-O-if 2-^ 

f^u:/7'T3^<::^— 1,3— v^::^--'/^. 2 — 

-i.s--^:^^— >'V^<^3l^<7>l&fp*5j:t/^ia^^y =3 — 

-3if-U>-v?T^ -->^^i^;^^U'>'v^r ^ V. 1,4 

y i^:73i^/w:i^— i;?T^y v^:7 3;^/^>^y^ 
-3i^?y— /vT^i^s y'nyNy — /wr ^: -f^y — 

y^ny^y— /ur ^i^- ; v^^^ y — /i^T ^ V. h y 

y-yuT^visia^i^-^fcjif y- (T/U';^7 y -/^-r 
^v) ^<or ^ y T>'V3— ; 

yovi^. 4-r^ygs^/^y-*5i:t^>^"^- ^'^'^ 
j^^^y.oJIK.8l/i»5^*^^it;^^aSfiioo^7^^. n% 

Rjt^im-^ b < \t^m,. •rti:i>h2ox:±isx-mifk'r 
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mxh^o (2o±i5'c) X'\t.[^t^\^^j:t^his^^m 

x^T'u-, i^mt.tinm^\::x^mm^m^\^x. 
7i^^^&mm^m^^itxhx\^\ \^fti>^ox. :^%mkz 

-^nm'r^fzi!b{^m^^xhx.^\ mf^i^^m^^j:^^ 

:^^m<r>mi$.m'Xj^jt^^m^w^ (rim) tc<t5;(jnxi;i 

ifmxmmx^^o mmm='>^<'>> }'h^^m(o:^m 
i^^M^i^ ^ :^ b fc^m^^ni ^m\^^^(or>^m 

3iT • 7'nt5^i5^^;/th (Air Products) <0U 
-221 (OH^40.5) . LK-332 (OHii35) 

(0H»4) ;^fctt^:^»J^^<^v^^^^v^ 
< n^±X250. J: $f ^ b < tiS:*cT80g/l<^aiS^I# 

K^o^tc. #'rtgti<^>r yi/r^~ 



h;6^r ^ >^S*yt*iH20tSf£^b/t^tc. mmm^m 

hit. m^ity 4 /\^^-^mmx^ ^mmM,f^^mi^(^ 

JR5tl::t3iSbrv>5o 

mm±.. mmmmt>-^mmmzx^h^m&-^xmm 
mmmi^^xxj^r't>":/v^mi^<Dmmi^z'^^zM\^xi^ 

$f^b<Ji25--50kg/in^c^^ffll-*>5^'a'. 2^5^ 

mcoTx {%s,(owm :fe*<tt/$f^b<i*^^^ 

U^itit^ :^ K (r>Wk\z t> ii b x v ^ ^> « 

So 



-10- 



m^m: i5g v^-^-mm^ 

(iAjj^MEmpol) 10 16s ®!ffil 9 2) 

0. 9 2g v^y 

(•7^=fX:^y(Tegostab)B8 4 0 4) 
7.8 8g MP I Cry^^^a-— />^(Desinodur)VK S) 



mm 










(g) 


(g/1) 






0. 12 


53.5 


59 




0. 24 


85.3 


105 


(3 3%^?^) 










0. 12 


281.2 


>240 




0.12 


242.6 


>240 


2.2' u J i?:^i-)Vs.-7-jv 


0. 12 


289.2 


>240 


N. N' -v?/^-'Pf^-7>*> 


0.2 


241-4 


>240 




0. 12 


359.8 


>240 












0. 12 


507.8 


>240 
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(VT2 1 3. iSffil 8 1) 

(xrfx^^T-B 8 4 0 4) 
MD I (^x^x^-zi' VKS) 













(g) 


(g/l) 






0. 12 


70.9 


90 




0. 36 


87.4 


>240 


(3 3^^%) 










0. 12 


217.1 


>240 




0. 12 


221.2 


>240 


2. 2" - v'-t^l'* 1/ ^ i^-a^5=->'I'-x— r-yu 


0. 12 


236. 4 


>240 


2-(2-':^^f-^l'T5 h + >) 


0. 12 


189.6 


>240 


-jci^y — yl/ 










0. 12 


453. 6 


>240 




0. 12 


143.5 


>240 



m^^: 15. 9g 
0.92g 
7.9g 
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c) 



m^^: 15g 

0. 9 2g 
7.88g 



7v^b*>'iE/yo^<>~ 1. 2- v^Jt-yl/ 
;t?yi;^x;K4:3s Kffil 7 8) 

(T":^:;^^yB8 4 0 4) 
M D I (t*;^ A' V K S ) 



mm 



(g) 



(g/i) 



1-/ ?->'L'-I' i JS^'Z-VU 


0. 12 


57.5 


50 




0. 12 


69.1 


70 


C3 SiXf^a) 








4-i>7'^>'l'7i / l^y 


0. 36 


54.8 


34 












0. 12 


7L6 


70 


C5 O^^ffi) 










0. 12 


162.7 












^^m^m: 10. 8g 








: 3 . SEffi 1 5 5 ) 


0. 7 5g 








(7^:J';^:^-7'B8 4 0 4) 




7. 9g 


MD I <^^^^. 
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THE PATENT OFTTCE, 
12 tk November, igSs 

This invention relates to a process lor unr 
producuon of foam materials. 

The processes which have become known 
in recent years for the production of foam 
materials with an isocyanate base can be 
divided into substantially two groups. In 
accordance with this classification, foam 
materials may be obtained by reacting the 
components of either of the foUowing two 
groups of materials: 

Group A: 1) Linear or branch compounds 
of relatively high molecular weight and con- 
taining OH groups, 

2) A polyisocyanate, the quantity 
of which is usually equal to the amount re- 
quired to react with the components men- 

25 tioned under 1 and 3, 

3) Water and 

4) Activators. 

Group B: 1) Linear or branched compounds 
of relatively high molecular weight and con- 
30 tainine OH and/or COOH groups, 

2) A polyisocyanate, the quanuty 
of which is usually equal to the amount re- 
quired tc react with the components men- 
tioned under 1 and, if desired 3. 
35 3) Water, if desired, 

4) Activators. 
With the processes of group A, the carbon 
dioxide necessary for foaming purposes is 
obtained from die reaction of the polyiso- 
40 cyanate with water, and in the processes ot 
group B the carbon dioxide is loaned frran 
the reaaion.of the polyisocyanate with COOH 
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a) is used, the resuk -is an elastic foam 
material. In this case it is preferred to i«e 
a component (1) which has free OH groups, 
since in the processes involvmg carboxyl 33 
groups, difficulties arise with linear stamng 
materials. Components W which are pre- 
dominandy or exclusively free from COUti 
groups arc consequently primarily^ used for 
Se production of rigid or semi-ngid foam 
materiak. 

The present invention provides a ptoce^ 
for the production of foam materials which 
comprises reacting at least one polyhydroxyl 
and/or polycarboxyl compound with a mole- 
cular weight greater than 300 and, if ne^s- 
sary or if desired (the latter case bemg when 
carboxyl groups are present),^ a compound 
which produces a blowing acaon under tlie 
reaction conditions, in die presence of a 
catalyst capable of polymerising isoqranates 
to form a perhydrotriazine ring, with more 
tiian twice the quantity of polyiso^anate 
which is required for reaction vnth the tree 
hydroxy! and/or carboxyl groups and, if pre- 
sent and reactive, the compound which pro- 
duces a blowing action under the reaction 
conditions. v ™ 

A novel feature of this process, by com- 
parison witii the knovra processes herein- 
before referred to, consists in the use of the 
large excess of polyisocyanate, calculated on 
the reactive hydrogen atoms of the poly- 
hydroxyl and/or polycarboxyl compounds (and 
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We, Fakbenfabriken Bayer Aktien- 
GESELLSCHAFT of LeverfcuscD-Baycrwcrk, Ger- 
many, a body corporate organised under the 
laws of Germany, do hereby declare the 
5 invention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed^ to be particularly 
described in and by the following statement : — 

This invention relates to a process for the 
10 production of foam materials. 

The processes which have become known 
in recent years for the production of foam 
materials with an isocyanate base can be 
divided into substantiaUy two groups. In 
15 accordance with this classification^ foam 
materials may be obtained by reacting the 
components of either of the following two 
groups of materials: 

Group A: I) Linear or branch compounds 
20 of relatively high molecular weight and con- 
taining OH groups, 

2) A polyisocyanate, the quantity 
of which is usually equal to the amount re- 
quired to react with the components men- 

25 tioned under 1 and 3, 

3) Water and 

4) Activators. 

Group B: 1) Linear or branched compounds 
of relatively high molecular weight and con- 

30 taining OH and/or COOH groups, 

2) A polyisocyanate, the quantity 
of which is usually equal to the amount re- 
quired to. react with the components menr 
tioned under 1 and, if desired 3. 

35 3) Water, if desired, 

4) Activators. 
With the processes of group A, the carbon 
dioxide necessary for foaming purposes is 
obtained from die reaction of the polyiso- 

40 cyanate with water, and in the processes of 
group B the carbon dioxide is formed from 
die reaction, of the polyisocyanate with GOOH 



groups and possibly with water. According 
to both groups of processes, soft and also 
rigid foam materials can be produced by a 45 
suitable choice of the structure of the com- 
ponents (1) containing OH and/or COOH 
groups. The hardness and brittleness of the 
foam materials is foimd to increase as the 
branching of the component (1) increases. In 50 
the limiting case when a linear component 
(1) is used, the result is an elastic foam 
material. In this case it is preferred to use 
a component (1) which has free OH groups, 
since in the processes involving carboxyl 55 
groups, difficulties arise with linear starting 
materials. Components (1) which are pre- 
dominantiy or exclusively free from COOH 
groups are consequently primarily used for 
the production of rigid or semi-rigid foam 60 
materials. 

The present invention provides a process 
for the . production of foam materials which 
comprises reacting at least one polyhydroxyl 
and/or polycarboxyl compound with a mole- 65 
cular weight greater than 300 and, if neces- 
sary or if desired (the latter case being when 
caiboxyl groups are present), a compound 
which produces a blowing action under the 
reaction conditions, in tfie presence of a 70 
catalyst capable of polymerising isocyanates 
to form a perhydrotriazine ring, with more 
than twice tiie quantity of polyisocyanate 
which is required for reaction with the free 
hydroxyl and/or carboxyl groups and, if pre- 75 
sent and reactive, the compound which pro- 
duces a blowing action under the reaction 
conditions. 

A novel feature of this process, by com- 
parison with the known processes herein- 80 
before referred to, consists in the use of the 
large excess of polyisocyanate, calculated on 
the reactive hydrogen atoms of the poly- 
hydroxyl and/or polycarboxyl compounds (and 
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of the compound producing a blowing action 
if present). This compound producing a 
blowing action under the reaction conditions 
is referred to herein as a blowing agent. The 
5 difference as regards the hltfaerto usual pro- 
cesses becomes particularly clear from the fact 
that, by the new worfcijig procedure, rigid 
foam materials^ can also be produced from 
linear compounicis containing carboxyl groups. 
10 This is possible because of the large excess 
of polyisocyanate togedier with special acti- 
vators whidi trimerise the polyisocyanate to 
form perhydrotriazine rings. By this means, 
numerous cross-linking centres are formed, 
15 and depending on the amount of the poly- 
isocyanate excess, the extent of the cross- 
linking of the final product can be varied. 

In contrast hereto, with_^e known pro- 
cesses of groups A and B, ilie branchings 
20 which largely determine the proporties of the 
final products arc already present in die com- 
ponents (1). For example, if rigid foam 
materials were to be produced, the components 
(1) already had to be branched to a high- 
25 degree and have a large content of reaaive 
hydrogen atoms. This requirement involved 
a very undesirable high viscosity of the com- 
ponents (1), which frequently also led to diffi- 
culties regarding the necessary homogenisation 
30 of the reaction products when using medtiani- 
cal mixers and very often necessitated work- 
ing at eleinuted temperatures. Furthermore, 
with these highly viscous components, it 
became necessary with machines to intro- 
35 duoe, for example, gear wheel pumps for 
conveying purposes. These pumps had to be 
designed as hi^-grade special hi^-pressure 
pumps to maintain the necessary working 
pressures.* The" large differences in viscosity 
40 of the reaction components also made it 
necessary to displace the admission of the 
components into the mixing chamber by 1/50 
to 1/300 of a second relative to one another, 
in order to obtain loss-free discharge of the 
45 reaction mixture. This involved considerable 
expense for electronic control with automati- 
cally operating machines. 

On the contrary, the process according to 
the invention, enables components (1) having 
50 a relatively low viscosity and a small content 
of reactive hydrogen atoms to be used as 
starting material, since the high degree of 
cross-linking essential for the production of 
rigid foam materials is formed by cyclising 
55 the polyisocyanate excess during the foaming. 
The previously hindering difficulties in mixing 
the reactants are therefore very substantially 
reduced or entirely avoided. 

The smaller difference in viscosity of the 
60 components, which can be achieved, and the 
conveying of the components at normal tem- 
perature or at only slightly raised tempera- 
tures (for example at a maximimi of 35®C) 
facilitates the mixing of the components. In 
65 addition, it is possible to provide a more 



reliable control of the foaming speec^ for 
example by modification of the activator 
system* . 

An additional advantage of the workmg 
method of the present invention is provided 70 
by the formation of the branches durmg the 
foaming. Since the polyisocyanate excess 
(based on the reactive hydrogen atoms of the 
polyhydroxyl and/or polycarboxyl com- 
pounds) largely determines the properties of 
the resulting foam materials, it is possible 
with one and the same hydroxyl and/or 
carboxyl group containing compound to pro- 
duce foam materials having different proper- 
ties, (such as for example soft, semi-rigid or 
rigid foam materials), merely by varying the 
excess of the polyisocyanate. This is naturally 
an advantage, since in the case of the known 
processes hereinbefore described, it was neces- 
sary to use special components (1) in each <>-> 
case to achieve the above object. 

Furthermore, the formation of the per- 
hydrotriazine rings as an essential feature of 
the process of the present invention usually 
produces a very desirable thermostability of ^ 
the foam materials, ance it is known that 
perhydrouiazinc rings are thermostable. As a 
result^ jESpedally when using polycarboxyl 
compounds, it is possible to obtain foam 
materials with decomposition points higher 95 
than 200^C. This is of great importance, 
especially with moulded components subjea 
to danger of fire, foams of all types or for 
sandwidi constnictions of light material. 

The linear or branched polyhydroxyl and/or 100 
polycarboxyl compounds which are considered 
for carrying out the process can have greatiy 
differing strucmres. Linear polyalkylene 
glycol ethers of different molecular weights, 
obtained for example by polymerising alkylene 105 
oxides (such as ethylene oxide, propylene 
oxide, 1,2 - or 23 - butylene oxide, styrene 
oxide, cpichlorhydrin or tetrahydrofuran), 
are suitable. Those which are preferred have 
a molecular weight between 300 and 10,000, 110 
corresponding to -hydroxyl numbers of approxi- 
mately 373 to 11. Copolymiers produced by 
using different alkylene oxides are suitable, 
as are mixtures of the homologous polymeric 
polyalkylene glycol ethers. 115 

Linear branched addition products are 
also' to be^ mentioned,, such as those obtained 
- by addition of tiie alkylene oxides to, for 
example, polyfuncrional alcohols, amino- 
alcohols, amines or acids. As examples of 120 
polyfuncrional components for the addition of 
the alkylene oxides, the following are men- 
tioned: Simple glycols (such as ethylene 
glycol, propylene glycol, butylene glycols, 
hexamethylene glycol, 1,10 - decanediol, 125 
thiodiglycol, N - methyl diethanolamine or 
N,N' - dimethyl - N,N^ - dihydroxyethyl 
ethylene diamine), glycols of higher molecular 
weight (such as tiie aforementioned linear 
polymerisation products of alkylene oxides of 130 
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different molecular weight), glycerine, tri- 
methylol propane, butanetriol, hexanetriol, 
pentaerythritol, hexitols and pentitols (such 
as xylitol and sorbitol), as well as triethanol- 

5 amine, tetrahydroxyethylated aniline, ethanol- 
amine, diethanolamine, N - alkyl - ethanol- 
amines, aniline, , m- and p - phenylene 
diamines, ethylene diamine, tetramethylene 
diamine, hexamediylene diamine and piper- 

10 azine. Also to be mentioned in this connec- 
tion are hydroxycarboxylic acids (such as . 
tartaric acid, malic acid, - dihydroxyadipic 
add, ricinoleic add, and hydioxystearic acid), 
dicarboxylic adds of the formula 

15 HOOC— (CH2)a— COOH, 

in which n is a \^le number larger than 1, 
butane - 1,2,3,4 - tetracarboxylic acid, bifunc- 
tiona] carboxylic acids, and carboxylic acids 
of higher function obtained by polymerisa- 

20 tion of unsaturated fatty adds, unsaturated 
dicarboxylic or polycarboxylic acids obtained 
by diene syntheses with for example maleic 
acid anhydride and dienes, or the saturated 
acids obtainable therefrom by hydrogenation. 

25 In this class of compounds is induded for 
example the adduct which is obtainable from 
Icvopimaric add and maleic add anhydride, 
and from which the corresponding tri- 
carboxylic add can easily be obtained. 

30 Other suitable polyhydroxyl and/or poly- 
carboxyl compounds are polyaddition com- 
pounds of polyacetals and olefines, such as 
those described in United Kingdom Patent 
Specification No. 866,323, and also poly- 

35 thioethers, xdiich can be obtained in Imown 
manner by condensation of thiodiglycol and 
its derivatives with themselves or with other 
polyhydric alcohols which ate free from 
sulphur. 

40 Linear or branched carboxyl group contain- 
ing, compounds of the general formula 

HOOC— R»—<RX)„—R"— COOH, 

in which w is a whole number larger than 1, 
X represents an oxygen or sulphur atom, and 

45 in which R, and R^^ represent an alkylene 
radical, which can contain urethane and/or 
ester groupings, can also be readily used in 
accordance with the invention. The com- 
pounds can be obtained from the starting 

50 materials containing the aforesaid hydroxyl 
groups by reaction with, for example, di- 
carboxylic acids or dicarboxylic acid 
anhydrides. In the above formuk, R can 
also comprise alkylene side chains, which 

55 in their turn can carry terminal COOH 
groups. 

Another large group of suitable starting 
materials comprises linear or branched poly- 
esters containing OH and/or COOH groups, 
60 which polyesters are obtainable by known 
condensation processes from polyfunctional 



alcohols, aminoalcobols, hydroxy carboxylic 
adds, aminocarboxylic adds or lactams and 
polycarboxylic adds. Such polyesters or poly- 
ester amides can advantageously be made 65 
from, for example, the following compounds : 
by adapting the quantitative ratios of the indi- 
vidual components: Diethykne glycol, tri- 
ethylene glycol or glycols of the general 
formula '^^ 

HO.(CH3.CHa.O)a.CH2.CHa.OH 

in which n is a whole number larger than 
1, propylene glycol or polypropylene glycols 
of the general formula 




75 



in which n represents a whole mnnber, 
butylene glycol, glycerine, trimethylol propane, 
hexanetriol, pentaerythritol, castor oil, 
ricinoleic acid, hydroxy stearic add, adipic g. 
acid, phthalic add, tetrachlorophthalic acid, 
dimeric polycarboxylic acids or polycarboxylic 
adds of higher function obtained by poly- 
merisation of unsaturated fatty adds. Poly- 
esters or polyester amides obtained from the 
foresaid or otiier structural elonents can of 
course also be modified with monofunctional 
alcohols, amines, carboxylic adds^ or saturated 
or unsaturated fatty adds, such as for example 
oleic add. 

Furdiermore, other OH-containing com- 
pounds are the products of silanols or siloxanes 
with linear or branched polyesters or poly- 
ethers, and also polyacetals vrith teiminal OH 
groups which are available by known pro- 
oesses and which can also contain tertiary 
nitrogen atoms. Reference is also to be made 
to polymers containing hydroxyl groups which 
arc obtained from ediylene and carbon 
monoxide by polymerisation under pressure jqq 
and subsequent hydrogenation, as well as those 
which are obtained from compounds with 
polymerisable double bonds by concurrait use 
of for example allyl alcohol, acrylic add or 
acrylic acid derivatives, maleic add anhydride 205 
or maleic add semi-esters. 

Finally, decomposition products of natural 
products are suitable for the production of 
foam materials in accordance with the inven- 
tion. Natural rubber which is substantially no 
decomposed by the incoiporation of OH and 
COOH groups is an example of such a pro- 
duct. Bifunctional or higher functional poly- 
merised fatty adds can also be used without 
further modifications. . 115 

Since the foam materials are generally pro- 
duced at room temperature, the components 
used should, for technical processing reasons, 
be liquid and have as low a viscosity at room 
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temperature as possible. A viscosity of 20,000 
cP/25°C should not be exceeded. Naturally, 
components which have a higher viscosity or 
are solid at room temperature can also be pro- 

5 cessed. In these cases, the operation must 
be carried out at elevated temperatures at 
which the necessaiy homogenisatioii of the 
reactants is assured. However, elevated tem- 
peratures are only acceptable in those cases 

10 where the desired special properdes of the 
resulting foam materials justify this. 

It is also possible to use those compotmds 
which contain, in addition to the OH and/or 
COOH groups, other reactive hydrogen atoms 

15 which can be detected by the Zerewitinoff 
method, such as for example amino groups 
with polyester amides. 

Isocyanates suitable for the present inven- 
tion are, for example, toluylene - 2,4 - diiso- 

20 C5ranate; toluylene - 2,6 - diisocyanate; mix- 
tures of the aforesaid diisocyanates, for 
example in the isomer ratio 80 : 20 or 
65 : 35, and likewise the undistilled crude 
substances, and also 1 - alkyl - benzene - 2,4- 

25 diisocyanates; 2,6 - diethylbenzene - 1,4 - di- 
isocyanate; 1 - methyl - 3,5 - diethylbenzene- 
2,4 diisocyanate; m - phenylene diiso- 
cyanate; p - phenylene diisocyanate; diphenyl- 
methane - 4,4^ - diisocyanate; diphenyldi- 

30 mediyl - methane - 4,4* - diisocyanate; 2j2^- 
dimediyl - diphenylmethane - 4,4^ - diiso- 
cyanate; 3,3^ - dimethozy - diphenyl - 4,4*- 
diisocyanate; 3,3^ - dimethyl - 4,4* - -di- 
phenyl - diisocyanate; diphenyl - 4,4* - di- 

35 isocyanate; 33* - dichloro - diphenyl - 4,4*- 
diisocyanate; naphthalene - 1,5 - diisocyanate; 
wi- and p - xylylene - diisocjranates; 3 - 
isocyanatoethyl) - phenylisocyanate; hexa- 
methylene diisocyanate; triphenylmethane- 

40 4,4*,4** - triisocyanate; reaction products of 
polyhydroxy compounds with excess of a poly- 
isocyanate^ (for example a triisocyanate with 
an NCO content of 19.2% which may be 
obtained by reacting 1 mol of trimethylol 

45 propane and 3 mols of toluylene - 2,4 - di- 
isocyanate); and isocyanate combinations 
which are partially polymerised giving some 
perhydrotriazine ring cyclisation. Moreover, 
monoisocyanates sudh as phenyl isocyanate, 

50 toluyl - isocyanates, or naphthyl - isocyanates, 
can be concurrently used with the polyiso- 
cyanates. These steps can very often produce 
valuable technical advantages and desirable 
modifications of the final products. It is pre- 

55 ferred to use those aromatic diisocyanates of 
which the aromatic rings are imsubstituted 
in at least one neighbouring position or even 
in both neighbouring positions to the NCO 
group. 

60 Catalysts were generally introduced into liic 
prior art processes for the production of foam 
materials according to groups A and B and 
these catalysts could be of various organic or 
inorganic natures. With the process of the 

65 present invention, the introduction of catalysts 



is necessary in every case, and in some cases, 
these catalysts can also be incorporated into 
the polyhydroxyl and/or polycarboxyl com-, 
pounds. The catalysts or catalyst combina- 
tions all have in common the capacity of 70 
polymerising isocyanates to form a perhydro- 
triazine ring. Combinations of tertiary amines 
with carbamic add esters monosubstimted on 
the nitrogen atom (see United Kingdom Patent 
Specification No. 842,420 are ^cctive. These 75 
combinations of tertiary amines are always 
present in the process of the invention when 
tertiary amines are used to form foam 
materials from starting materials containing 
hydroxyl groups. Furdiermore, combinations 80 
of tertiary amines with methyl alcohol or 
methyl carbamate are suitable activators, since 
in accordance with United Kingdom Patent 
Specification No. 842,420, these constitute 
high-grade trimerisation catalysts for iso- ^5 
cyanates. Aliphatic, cycloaliphatic or 
araliphatic tertiary amines are especially suit- 
able, for example those of the general 
formula: 

^ M.(CH2)^JI 90 

in which n represents a whole number greater 
than 1. 

-Purther suitable amines are permethylated 
diethylene triamtnc or triethylene tetramine 
and amines of the general formula ^5 

CH3 

R— N< 

CH3 

in which R represents a linear or branched, 
saturated or \msaturated, aliphatic, hydro- 
aromatic or araliphatic radical, which radicals 
can also contain hetero atoms such as oxygen, 100 
sulphur or nitrogen. Examples of this Jast-' 
mentioned group are dimethyl butylamine, di- 
methylstearylamine, dimethyl - (3 - ethoxy)- 
propylamine, hexahydrodimethylaniline and 
dimethylbenzylamine; also suitable are methyl- ]05 
morpboline, 1,4 - diazabicyclo - (2,2,2,)- 
octane, N,N - dimethyl - piperazine, methyl- 
dimethylaminoethyl - piperazine. 

Examples of tertiary amines incorporated 
into the polyhydroxyl and/or polycarboxyl no 
compounds are addition products of alkylene 
oxides with monofunctional or polyfunctional 
amines, aminoalcohols or polyesters which 
have been produced using N - methyldi- 
ethanolamine. By using such starting materiab, 115 
the additional use of other monomeric tertiary 
amines for die foaming often becomes super- 
fluous. 

Another group of high quality catalysts for 
the process of the invention are compoundsj 120 



908^37 



5 



^ich are in the position to form hydrozyl 
ions or substituted hydroxyl ions, and whidi 
. can be represented by the general formula 

5 in which R represents a fa3^ogen atom or an 
alkyi, aryl, aralkyl or cydoalkyl group, which 
groups may be linear or branched and which 
can also contain betero atoms such as oxygen, 
sulphur or nitrogen, and may be substituted 

10 once or several times in the molecule. Further- 
more, R can represent the grouping 

R^— CO— , R^— CS— , R'— CO— O— , 
R^— O— , R1--CX)— NH— , 

in which R^ is a hydrogen atom or an alkyl, 
15- aryl, aralkyl or cycloalkyl group. Me© repre- 
sents an alkali metal ion or a quaternary 
ammonium ion. The grouping — O^M^ can 
also exist several times in one molecule. Also 
suitable, even if less effective, are activators 
20 of the general formula 

2(R— 0©)Me^, 

in which Me®© rq)resent8 a divalent metal 
ion. 

Examples of such catalysts are alkali metal 

25 alcoholates (such as sodiiim polypropylene 
glycolates from linear or branched poly- 
propylene glycol ethers), alkali metal 
phenolates (such as 2 - nitro - 4 - chloro- 
phenyl sodium), alkali metal peroxides, alkali 

30 metal sales of monofunctional or polyfunctional 
carboxylic or sulphonic acids (such as 
potassium benzoate, potassium acetate, 
potassium oleate, potassium salts of poly- 
merised linoleic fatty acid, sodium perbenzoate 

35 or the potassium salts of benzhydroxamic acid), 
zinc stearate, the sodium salt of a sulphonated 
castor oil or basically reacting alkali metal 
salts of inorganic acids (such as for example 
tertiary potassium phosphate or sodium 

40 borate). 

Catalyst combinations which can be josed 
with advantage are those which can be homo- 
geneously mixed with or dissolved in the 
other icactants. Examples of these are alkali 

45 metal oleates in oleic acid, or alkali metal 
salts of polymerised unsaturated fatty acids. 
In addition to the often good solubility in the 
other reactants, such combinations have the 
additional advantage of being incorporated 

50 into i^ie foam material to form carboxylic 
acid amide groups with the simultaneous 
evolution of carbon dioxide. This is best made 
clear by the fact that without any difficulties, 
as can be seen from the examples hereinafter 

55 described, a foam material can be obtained 
from a polyisocyanate and a polymerised un- 
samrated fatty acid contaiEiing alkali metal salts, 
without the addition of further polyhydroxyl 
and/or polycarboxyl compounds. The same 



also applies as regards certain alkali metal 60 
alcoholates, for example a sodium alcoholate 
of a linear polypropykne glycol ether having 
a molecular weight of 1200, dissolved in the 
same polypropylene glycol ether. With this 
- activator combination also, a foam material 65 
can be produced in accordance with the pro- 
cess of the present invention without the addi- 
tion of further polyhydro^l and/or poly- 
carboxyl compounds. In this case, however, 
the blowing gas necessary to produce a foam 70 
material must be formed by the concurrent 
use of a blowing agents more especially water. 

A second group of catalysts are alkali metal 
salts of monofunctional or polyfunctional 
carboxylic acid amides, (such as for example 75 
potassium phthalimide, sodium succinimide), 
and also alkali metal amine derivatives of the 
general formula 

R^ 

>N— Me, 

R 

in which Me is an alkaE metal, R and R^ 80 
can be the same or different and represent 
alkyl, cycloalkyl, aralkyl or aryl groups, which 
can be linear or branched, saturated or un- 
saturated. Examples of these derivatives are 
sodium diphenylamide, sodium methyl aniline 85 
and lithium diethylamine. 

Compounds which contain an alkali metal 
directly bonded to carbon, such as for example 
sodium phenyl, lithium butyl and sodium 
cyclopentadiene, are also suitable as catalysts 90 
in accordance with the invention, since in 
contact with the polyhydroxyl and/or poly- 
carboxyl compounds or possibly with water, 
they are decomposed into effective activators 
for the present invention. ^ ^ 

The activators can be used alone or in 
combination with one another, whereby addi- 
tional effects are freqxiently produced. Further- 
more, the concurrent use of activators which 
do not act preferentially to form a perhydro- 100 
triazine ring by polymerisation, can provide 
additional effects, such as tbe introduction of 
metal compounds, (for example iron acetyl 
acetonate and dialkyl tin dialcoholates which 
are soluble in the organic medium). 1^5 

The catalysts indicated as being suitable 
for the process of the invention are those 
which are known as polymerisation catalysts 
for isocyanates. By polymerisation catalysts, 
there are understood in this coimection com- 110 
poimds which are able to cyclise isocyanates 
forming trisubstituted perhydrotriazine rings. 
Even if the excess of isocyanate introduced 
is, for the major part, required by this 
cyclising reaction, (as shown by spectral .115 
analysis), other cross-linking reactions, (for 
example by way of urea, carboxylic acid 
amide or urethane groups), certainly also take 
place in addition to these cyclising reactions. 
This is allowed for by the formulation *'for 120 
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cyclising and side reactions " in the following 
examples, when calculating the isocyanate 
balance for the isocyanate excess exceeding 
the index 100 (see bdow). 

5 To produce the foam materials, a homo- 
geneous mixture of the polyhydroxyl and/or 
polycarboxyl compounds, water and activators 
can be initially prepared by a proved working 
method, and the polyisocyanate added to this 

10 mixture. Tlie amount of polyisocyanate must 
be very much greater than that necessary to 
react with the reactive hydrogen atoms which 
are present. In order to define this excess of 
polyisocyanate, the term " index " is intro- 

15 duced. If the quantity of isocyanate intro- 
duced is equivalent for the reaction of all 
reactive hydrogen atoms of the other reaction 
components, this quantity is allotted an index 
of 100. Consequently, with an index of 200, 

20 a quantity of isocyanate equal to twice the 
equivalent is used and with an index of 600, 
six times this quantity is used. The process 
of the invention includes only those combina- 
tions which work with an index greaxsr than 

25 200. It is quite usual to work with indexes 
of 500 to 1,000. 

After adding the polyisocyanate, the reac- 
tion mixture starts to foam and solidifies into 
a foam material with a more or less strong 

30 heat of reaction. The speed of the foaming 
and the speed of the hardening or curing is 
namrally dependent on the nature of the start- 
ing materials and especially strongly d^)en- 
dent on the nature and quantity of the acti- 

35 vator introduced. The setting process can 
easily be accelerated strongly in such a way 
that a solidification into foam material takes 
only a few seconds. The examples which follow 
give further details in this respect. 

40 According to another fonn of the process, 
an initial adduct containing isocyanate groups 
and prepared from polyisocyanates and the 
polylr^droxyl and/or ^Ijrcarboxyl com- 
pounds is produced widi indices greater than 

45 200, this aidduct providing the foam material 
after admixing a blowing agent and a poly- 
merisation catalyst. 

The bulk density or weight per unit volume 
of the foam materials is substantially deter- 

50 mined by the content of COOH groups and/or 
water in the foamable mixmre. In addition, 
it is however also infiuenced by ,the nature 
and quantity of the catalyst and by die quantity 
of poljdsocyanate introduced. It is found that 

55 as the heat of reaction increases during the 
foaming process, die bulk density of the foam 
materials tends to decrease. 

As regards the economic production of very 
light foam materials which are improved in 

60 their behaviour as insulating materials, it can 
be advantageous to use solvents which are 
inert widi respect to isocyanates as blowing 
agents. Mentioned as examples are acetone, 
ediyl acetate and tertiary butanol, as well 

65 as more especially halogenated saturated 



and/or unsaturated hydrocarbons with a boil- 
ing point lower than 200®C for example tri- 
chlorofiuoromethane, - 1,1 - dichlorediylene, 
n - propyl chloride, - dichlorethylene, tri- 
chlorethylene, 1,2 - dichloropropane, tetra- 7( 
chloromethane, n - butyl chloride and 1,2- 
dichlorethane. 

The use of blowing agents (other than 
water) which react witii isocyanates to split 
o^ gas, such as for example aldoximes or 7! 
those which decompose at relatively high 
temperature while splitting off gases, is like- 
wise very often advantageous for die produc- 
tion of foam materials with low bulk densities. 
For example, acetaldoxime, butyraldoxime, .8^ 
isobutyraldoxime, sodium bicarbonate, ammon- 
ium carbonate, ammonium nitrite, hydrogen 
peroxide, dimethylol - /> - cresol and substances 
splitting off formaldehyde such as para- ' 
formaldehyde have proved suitable. In similar 8^ 
manner, the blowing agents used in the rubber- 
processing industry for the production of foam 
rubber can also be used in the process of the 
present invention. Examples of these are: 
diazoaminobenzene, azodiisobutyric acid 9i 
nitrile, azobexahydrobenzonitrile, azodi- 
carboxylic add diethyl ester and dinitro- 
sopentamethylenc tetraminc. All these blowing 
agents can also be used together widi water. 

The concurrent use thereof is of especial 9: 
interest in connection with the production of 
sandwich constructions - of h'ght-weight 
materials. In this case a subsequently occur- 
ring and thus graduated additional blowing 
action or an additional final blowing is desired iq 
after the hollow clement has been iilled with 
the still liquid reaction mixture for the foam 
material. This is to produce a careful inward 
pressing of the surface layer hollow construc- 
tion into the supporting form, which is stable 10 
with respect to die foaming pressure set up. 
The said hollow construction advantageously 
is very thin and still capable of shaping or 
moulding to form a light structural dement. 

Additional means for lowering the bulk n 
density of the foam materials is offered by 
the admixing of .gases- such^ as -air, carbon 
dioxide or nitrogen during the foaming. 

Colouring agents; such as organic or in- 
organic pigments, can .be concurrentiy used li 
in the same way as fillers, for example carbon 
black, silica gel, barium- "sulphate, metal 
powder or cellulose. In -addition, the foamable * 
reacrion mixtures' can have added thereto 
foam stabilisers with a basis of organic silicon 12 
compounds, anion-active, cation-active or 
non-ionic emulsifiers as well as fire-proofing 
agents, such as trichlorcthyl phosphate or 
generally haloalkyl phosphates, ammonium 
phosphates and phenol formaldehyde-di- 12 
cyandiamide mixed condensates. 

Occasionally, special effects are provided 
by adding plasticisers, if desired highly chlor- " 
inated paraffin hydrocarbons or phthalic acid 
esters. 13 
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In cx>imection with moulded elements or 
core layers of composite constructions and 
made of foam materials, contrast agents may 
be added so that it is possible to detect, by 

5 means of illumination, any blow-holes which 
endanger the stability of the foam elements. 

Ex^llent bonding capacity of the moulded 
elements of foam' material is obtainable 
according to the invenrion with surface layers 

10 of all types using starting materials containing 
preferably carboxyl groups. Hence, with com- 
posite or sandwich elements made of light- 
weight material^ which are not subject to too 
heavy stresses^ it is possible to dispense with 

15 the pretreatment of the surface layers. 

The process according to the present inven- 
tion makes possible the production of foam- 
able reaction mixtures which, also after a very 
rapid passage (up to 1/1000 of a second) 

20 through the known mixing chamber systems 
used in the artj suddenly yield a creamy con- 
sistency. Thus, large and complicated cavities 
in composite constructions or moulded ele- 
ments of all types can easily be filled with foam 

25 in a homogeneous manner without leaving any 
streaks. 

Reaction mixtures which swell with a 
creamy consistency are especially desirable for 
filling hoUow elements with foam when the 

50 hollow elements comprise appropriate marginal 
zone reinforcements. The desired uniform 
impregnation of even relatively large con- 
structional elements, both when the foam-fill- 
ing operation takes place horizontally and 

35 vertically, is substantially facilitated when 
using reaction mixtures which blow with a 
creamy consistency. 

The process can be carried out intermittently 
or in continuously operating apparatus. In 

40 the latter case, use is made of mechanical 
arrangements such as those described for 
example in French Patent Specification No. 
1,074,713 and in United States Patent Speci- 
fication No. 2,764,565. 

45 According to one particular embodiment of 
the process, foam materials with an increased 
stability towards heat can be obtained by 
using polyethers or polyesters containing poly- 
merisable double bonds. These may be foamed 

50 in the presence of other polymerisable com- 
ponents such as for example diallyl maleate, 
triallyl cyanurate, styrene or acrylic acid 
esters, and in the presence of polymerisation 
accelerators such as azodusobmyric acid 

55 nitrile and ditertiary butyl peroxide. 

Foam materials with an isocyanate base 
and having a selected dimensional stability 
at temperatures of from 50 to 200*^ C, a 
course or a fine pore structure and with a 

60 bulk density of 5 — 700 kg/m* can be con- 
tinuously or intermittently foamed freely as 
block material or foamed as moulded ele- 
ments which can be cut into sheets of all 
types by means of suitable cutting machines 

65 (for example band cutters, band saws or 



heated wire). The moulded elements can be 
subjected to a hot def oxmation and/or surface 
improvement of any suitable type (such as 
lacquering, fibre-coating, embossing or cover- 
ing). It is also possible with block foaming, 70 
for the reaction mixture to be applied to, or 
between, sheets or slabs of synthetic or natural 
light-weight material such as balsa wood, or 
wood fibre board, whereby sheet or slab 
materials with an tmsymmetrical or symmetri- 75 
cal structure can then be produced. 

Sheets or slabs consisting solely of the foam 
materials are used for insulations of all types 
(for example heat, cold and sound insula- 
tions) in building constructions and in the 80 
construction of containers, vehicles, aircraft 
and ships. They may also be used as core 
layers of composite or sandwich constructions 
having a light core (which constructions arc 
united by being smck with surface layers of 85 
all types in a symmetrical or unsymmetrical 
formation), and can be used in building con- 
structions and in the construction of vehicles, 
ships, boats, containers, refrigerators and furni- 
ture as fiat or curved elements, for example 90 
as roo&ig slabs, wall slabs, doors, floors, 
coachwork components for rail and road 
vehicles, aircraft constructions, boats' hulls, 
ships' fittings, stationary and portable refri- 
gerating containers of all types, tables, beds, 95 
cupbosurds and chairs. The core layers of 
the sandwich constructions can be locaUy rein- 
forced on assembly to take up separate forces 
by filler bodies of relatively high strength. 

The foam materials can be used for the 100 
production of moulded elements of all types 
and sizes, it being possible for these to be pro- 
duced by casting in simple or multiple moulds, 
for example by centrifugal casting. If such 
moulded elements are subjected to local loads 105 
according to tiie purpose of use (for example 
anchoring forces, separate forces or fittings), 
the moulds are equipped prior to the foaming 
process with filler blocks, dowels or other 
atmchments which withstand a high load, 110 
these being well enclosed dining the foaming 
process, and are also well anchored as a result 
of the good bonding capacity which can be 
produced with the foamable reaction mix- 
ture. When using mixers with which quantities 115 
can be measured, the reaction mixture will 
preferably be introduced through small filling 
openings into the closed mould. 

The supporting or bearing capacity of the 
moulded elements can be considerably in- 120 
creased by siffface or internal reinforcement 
and thus can be adapted to the particular use. 
It is necessary in all cases that the reinforcing 
material can be satisfactorily surrounded 
by foam. Suitable for surface reinforcements, 125 
are felted fieeces of for example glass fibres, 
plastic fibres, natural fibres or metal fibres or 
combinations thereof, which in certain cases 
are so additionally bonded by stitching, that 
they cannot be forced apart by the penetrating 130 
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zeactton mixture which forms the foam 
materiaL The moulds provided with release 
agents are suitably provided widi for example 
an initial Spray of adhesive with which the 
5 surface reinforcement is fixed to the mould 
wall, so that it is secured against floating off 
during the foaming process. Here also, locally 
arranged attachments consisting of materials 
having a higher strength factor can be used 
10 at certain places. 

For a complete internal reinforcement of 
the core of the moulded element, or for a 
reinforcement thereof in certain zones, which 
internal reinforcement can also be used in 
15 conjimction with a surface reinforcement, it 
is preferred to use S5rstems of materials of 
all types which can be thoroughly impermcated 
with foam. These systems can be constructed 
as, for example an exact frame work or irre- 
20 gularly tangled fibre mats. 

Moulded elements thus partially or com- 
pletely reinforced internally have an improved 
bearing capadtjr and rigidity due to the 
improved shearing strength of the foam 
25 material. 

It is also possible to obtain moulded ele- 
ments with or without surface or iiitem4 
reinforcements by completely filling the 
moulds with filler bodies of all types and 
30 sizes, and by forcing foam into the free 
volume still existing between the irregularly 
disposed filler bodies. In this case it is pre- 
ferred to introduce the reaction mixture, firom 
which the foam material is formed, into the 
35 mould for filler bodies while the mould is 
still open in order to permit a good initial 
distribution of the reaction mixture, especially 
with components having a large surface. This 
also ensures a homogeneous foaming in the 
40 mould, which is closed after the foam has 
been introduced. 

Moulded elements consisting of foam 
materials having an isocyanate base and manu- 
factured by & above procedure are for 
45 example suitable for the following articles: 
Packings of all types (moulded parts or forma- 
tion of foam around the articles to be 
packed). 
Domestic articles of all types, 
50 Decorative articles for fabrics of all types, , 
Plastics (objects d'art, display window dolls 
or figures, decorative artides, body-correct- 
ing devices). 
Toys of all types, 
55 Hats and hat shapers. 

Shoe heels, shoe soles, shoe lasts, complete 
shoes, and also plates, containers, shells, 
corrugated and hollow profiles of all types 
for an purposes in lie construction of 
60 vehicles, ships and aircraft, the insulating 
industry, electrotechnical industry, minmg, 
bridge constructions, road construaions^ 
constructions below and above ground, 
hydraulic construcdons, fishing and sport- 
65 ing equipment^ machine and tool construc- 



tions, mould and weapon constructions, 
medicine, protheses and furniture construc- 
tions and life-saving equipment. 

Because of the high degree of insensitivity 
of the foaming reaction mixture, the good 70 
bonding strength thereof to materials, the wide 
range of variation in the initial product for 
the purpose of obtaining the required bulk 
densities, stability under heat, freedom from 
shrinkage, water resistance, resistance to 7d 
tropical conditions and the good static and 
dynamic properties, the foam materials are 
excellently suitable for filling hollow moulds 
or cavities. It is possible to fill moulds or 
cavities without applying pressure (free foam- oO 
ing), under a low foaming pressure (0.5 to 
1.0 atm. gauge), and with a relatively high 
foaming pressure (1.0 to 10.0 atm. gauge), 
depenc^og on expediency or the particular 
object in view. 

For filling cavities with foam without 
applying pressure, for whidi it is very often 
not possible to use any separate supporting 
means, such as for example for insulations 
above and below groimd, insulations in ship ^0 
construction, insulations for refrigerating cars 
. or for refrigerating vessels of large dimensions, 
the filling of pontoons, boats and floats of all 
types, with foam, and for other purposes, it 
is preferred to use foam mixtures which in 95 
addition have low reaction temperatures of 
about 50" C. in the marginal zones (contact 
zones) and good bonding capacity witli the 
surface materials actually surrmmding the 
cavity (metal, plastic, wood or bmlding 100 
materials of all types). Because a sufficiently 
hi^ index they do not show any primary 
shrinkage, so that no detachment from the 
hollow body or surface material of the cavity 
can occur with the cooling of the foam filling. 105 
Relatively low reaction temperatures of the 
blowing mixture are desirable in order for 
example to avoid deformation when unsup- 
ported hollow elements of deep-drawn plastic 
hollow bodies (for example refrigerator hous- ,110 
ings) are fiUed witix-ioamj-tfr to' avoid the 
thermal -stresses being too high with metallic 
surface layers (for example laminated insula- 
tions), which stresses could lead to changes in 
contour of the hollow constructions. Large 115 
cavities are filled with foam without using\ 
pressure by superimposing layers of foam 
wtdch are separately supplied in measured 
quantities, v^ereby the lower viscosity of the 
applied reaction mixture makes possible a 120 
lamination which is free from bubbles and 
blow holes, and a lower reaction temperature 
permits a rapid sequence of the laminating 
processes. The hollow constructions to be 
filled with foam by a pressure-free process 125 
can generally not be subjected to any high 
stresses, since the bonding of the foam does 
not permit any strong support of the surface 
l^r. 
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The filling process using foam pzessuies 
up to 0.5 to 1.0 atm. gauge is used for filling 
hollow bodies or cavities with foam by a 
single filling operation^ the hollow body to 
5 be filled being supported by suitable devices 
or tensioning means for maintaining the con- 
tour. Small composite or sandwich elements 
are placed in multiple supporting devices and 
filled with foam by introducing measured 

10 quantities of the reaction mixture into a col- 
lecting chamber. The blowing mixture passes 
tluough this chamber filling ducts into the pre- 
ferably centrally arranged hollow element, for 
which purpose it is also possible for example 

15 to use a centrifugal casting process. 

For larger hollow bodies or elements, a 
foaming pressure of about 1.0 atm. gauge is 
always necessary in order to be able to con- 
trol the usually necessary large rising or foam- 

20 ing paths. The filling process very frequently 
also serves additionally for inward pressing 
in order to obtain contours of the correct 
dimensions. Tbe foaming pressure can be 
obtained by^ for example^ forcing a free foam 

25 specification of 50 kg./m' by over-supply 
to a final foam bulk density of 70-^0 
kg/m'. The very liquid consistency of tbe 
blowing foam mixture supplied in excess 
qiiantity permits an accelerated filling of the 

30 cavity and, by pressmre equalisation, a homo- 
geneous bulk density distribution before the 
final cross-linking takes place. 

For specific foams advantageously witb 
components containing carboxyl groups, it is 

35 for example also possible for the desired foam 
pressure to be obtained with a very small 
excessive quantity by comparison with the 
free qjedfication or recipe, ^s being achieved 
by retarding the COOH/NCO reaction. The 

40 low-pressure foaming process is also suitable 
for the continuous production of composite 
or sandwich elements of all types. 

The filling of the hollow bodies or cavities 
with foaming pressmes higher iban 1.0 atm. 

45 gauge is necessary when plates, slabs or shelves, 
which have a large area and perhaps also a 
strong curvature are to be manufactured, or 
when it is desired to have light-weight com- 
posite constructions, which can be highly 

50 stressed so as to produce a high degree of 
safety against swelling such as is necessary 
for "light core sandwich constructions/' For 
such light-weight constructions, marginal zone 
reinforcements of the foam supporting core, 

55 for example consisting of fibre fleeces of all 
types, can be initially mounted by sticking on 
the thin-walled surface layers. These are pre- 
ferably used to increase the bonding between 
the core and the surface layer and for improv- 

60 ing the E-modulus of the foam materiaL The 
reinforcements are thoroughly impregnated 
during the foaming process at increased foam- 
ing pressure and enable the production of a 
foam core which has a density in the marginal 

65 zone greater by several times than the interior 



of the foam core. Once again tiie increased 
foaming pressure can be obtained by over- 
supply or by graduating the course of the 
reaction. 

The following examples are givea as filling 70 
methods for prefabricated constructional ele- 
ments or for foaming in situ (filling existing 
moulds, cavities or light-weight sandwich con- 
structions having a light-weight core with 
foam) in which low or high foaming pressures 75 
are used, and according to particular require- 
ments, and a low, mean or high supporting 
capacity of the filled construction can be pro- 
duced: 

Insulation field; for example refrigerator 80 
construction, refrigerator containers, large 
refrigerating plants, heat-resisting containers 
of all types, insulated moulded elements the 
insulation of walls, pipelines, trough, con- 
tainers or apparatus of various types by foam- 85 
ing in situ (the elements to be acoustical^ or 
thermally insulated being equ^ped prior to 
foaming with a permanent cover of for 
example metal or plastic, or with a movable 
shuttering) for constructions above and below 90 
ground, the construction of ships, apparatus, 
vehicles and aircraft and floats. 

House construction and fittings: for 
example roofing slabs, roof shell construction, 
wall slabs, parapet slabs, doors, cdlings, 95 
windows and window frames, staircases, com- 
posite profiles for roof trusses, ceiling sup- 
ports, skeleton structures and rcrflers blinds, 
and also baths, washbasins and pedestals. 

Vehicle construction: large-surface body- 100 
work components for road and rail vehicles 
(fiat and curved sheets) with surface layers 
floor constructions, partitions, seat construc- 
tions, luggage compartments, windows, doors, 
instrument plates and cooling and heating 105 
assemblies and for safety devices. 

Sea-travel: ships' fittings, (walls, doors, 
loading hatches, furnishing equipment), ships' 
insulations, boats' hulls, floats (for example 
buoys, rafts, life-saving equipment) and 110 
acoustic and thermal installations. 

Aircraft construction: fuselage, wings, con- 
trol equipment and fittings such as for example 
also light-wdgbt crockery. 

In addition, moulded elements, shelves, pro- 115 
files in a hght-weight core composite con- 
struction for electro-technical purposes, con- 
tainer construction domestic equipment and 
the toy industiy all can use the foams of the 
present invention. 120 

The following Examples furdier illustrate 
the present invention: 

Example 1 

Production of the initial material: 

4000 Parts by weight of a linear poly- 125 
propylene glycol ether with a hydroxyl num- 
ber of 56 are heated with 584 parts by weight 
of adipic add to a temperature of 200 to 
205 °C., (during the last eight hoius in a 
vacuum of 12 mm. Hg.) 72 Parts by weight 130 
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of water are thereby split off with a steady 
decrease in the acid number from initially 
97.7 to 47.5 at the end of the reaction period. 
After cooling, free adipic add is precipitated 
5 in the viscous reaction product, and this is 
separated ouL The somewhat yellowish- 
coloured oil filtrate has an acid number of 
30.7, a hydroxyl number of 5.5 and a viscosity 
of 273 cP/75°a and 2860 cP/25®C 
10 A foam material is obtained from this poly- 
propylene glycol ether dicaxboxylic add if 
100 parts by weight thereof are thoroughly 
xmsotd with 30 parts by weight of an activator, 
1 part by weight of dimethyl polysibxane 
15 (with a viscosity of 100 cSt. 20°C) and 80 
parts by weight of toluylene diisocyanate, 
which contains the isomers toluylene - 2,4- 
diisocyanate and toluylene - 2,6 - diiso- 
cyanate in the ratio 65 : 35.' The activator 
20 is produced from a linear polypropylene glycol 
ether having a hydroxyl number of 92, which 
contains 2.46 parts by weight of sodium com- 
bined as alcoholate per 100 parts by weight 
of polypropylene glycol ether. The mixture 
25 of the components immediately becomes 
creamy and begins to foam with evolution of 
beat. After about 1-| minutes, the foaming is 
completed and after about 4 minutes the 
surface of the foam material is non-tacky. 
30 After cooling, a fine-pored, semi-rigid some- 
what yellowish-coloured foam material with 
good resistance, to abrasion and a bulk density 
of 88 kg/m* is formed. The foam material 
can be cut, sawn and woiioed with cutting 
35 tools. Index: 885. 

Ekamfle 2 
Production of the initial material: 
7202 Parts by weight of a linear poly- 
propylene glycol ether with a hydroxyl number 
40 of 92 are heated to a temperature of 200 to 
205°C, with 1752 parts by weight of adipic 
acid for 20 hours while constantly stirring 
the reacdon mixture. The heating during the 
last eight hours is performed in a vacuum of 
45 12 mm. Hg., whereby 216 parts by weight 
of water are split off. After cooling, free 
adipic acid precipitates from the viscous re- 
action product and this is separated off. The 
somewhat brownish filtrate has an acid num- 
50 ber of 47.9, a hydroxyl number of 1.7 and 
a viscosity of 205 cP/75«C. and of 2480 
cP/25^C. 

24.2 Ml. of aqueous caustic potash (2.6N) 
are added while stirring to 500 parts by 

55 wdght of diis polj^JTOpylene glycol ether di-- 
carboxylic add, and then it is dehydrated 
at lOO'^C under a vacuum of 12 mm. Hg. 

To 100 parts by weight of this potassium 
salt of polypropylene glycol ether dicarboxylic 

60 add are added 1 part by wdght of dimethyl 
polysiloxane (with a viscosity of 100 cSt 
20°C) and 75 parts by weight of toluykne 
diisocyanate containing the isomers tduylene- 
2,4 - diisocyanate and toluylene - 2,6-diiso- 

65 cyanate in the ratio 65 : 35. After thoroughly 



mixing the components, the mass immediatdy 
foams and solidifies after about 5 mhiutes 
to form a rigid abrasion-iesLsting foam material 
which is somewhat brownish in colour and 
has a bulk density of 73 fcg/m*. The foam 70 
material has largely open pored and does not 
show any shrinkage even after being boiled 
for several hours in water. , , j 

The amount of isocyanate used is calculated 
as follows • 

7.70 parts by weight of toluylene diiso- 
cyanate are required for 100 parts by weight 
of polypropylene glycol ether dicarboxylic 
add and 67.30 pans by weight of toluylene 
diisocyanate are required for cyclisation and 80 
side reactions so that 75.00 parts by weight 
of toluylene diisocyanate is required in alL 
Index: 974. 

Example 3 

18.3 ML of aqueous 4.4N caustic potash 85 
solution ai« added while stirring to 500 parts 
by weight of die polypropylene glycol ether 
dicarboxylic acid described in Example 2 
and then dehydration is carried out at lOO^C 
in a vacvnun of 12 mm. Hg. 90 

To 100 parts by weight of the above com- 
bination are added 1 part by wdgjit of 
dii^ethyl polysiloxane (with a viscosity of 100 
cSt. 20^C) 0.5 part by weight of pennethylated 
diediylene triamine and 60 parts by weight 95 
of toluylene diisocyanate containing the 
isomers toluylene - 2,4- and toluene - 2,6- 
"diisocyanates* in the ratio 80 : 20. After 
mixing the components with a high speed 
stirrer, the mass immediately foams and solidi- 10< 
fies in the course of a few minutes to form 
a semi-rigid foam material having the bulk 
density 65 kg/m^. In contrast to a foam 
material which has been produced widiout any 
pennethylated dietliylene triamine, the foam 10. 
material has a pure white colour. Index : 780. 

Using the same combination of aibstances 
as previously described, but with introduc- 
tion of only 40 parts by weight of toluylene 
diisocyanate, a soft foam material with a 11' 
bulk density of 60 kg/m= is obtained? 'In this 
case, a dearly slower setting process^ is 
observed. The foam material shows no shrink- 
age on cooling or on boiling in water. 

In the case where only 40 parts by weight of 11 
toluylene diisocyanate are used,- an index of 
520 is calculated. - -'" 

- Example 4 
■ '22.5 .Ml.""bf aqueous 4.4N caustic potash 
• solution are added to 500 parts by weight of 12 
the polypropylene glycol ether dicarboxylic 
add described in Example 2 while stirring, 
and then dehydrated at 100<>G in a vacuum 
of 12mm. Hg. 

To 100 parts by wdght of the above com- 12 
bination are added 15 parts by weight of 
dimerised linoleic fatty acid, (add number 
190), 1 part by weight of dimethyl poly- 
siloxane (with a viscosity of 100 cSt. 20^C)s 
0.5 part by weight of permethylated diethylenc 13 
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triamine and 80 parts by weight of toluylene 
diisocyanate containing the isomers toluylene- 
2,4- and toluylene - 2,6 - diisocyanates in the 
ratio 65 : 35. After mixing the components, 

5 the mass starts to foam and solidifies to form 
a rigid foam material with the bulk density 
of 25 kg/m\ In spite of its low bulk density, 
this foam material is distinguished by a good 
resistance to abrasion. The pores tbeieof are 

10 largely opened. Index: 660. 

Example 5 
Production of the initial material: 
1022 Parts by weight of adipic add are 
esterified with 636 parts by weight of di- 

15 ethylene glycol over a period of 15 hours 
at 220°C,, finally in a vacuum of 12 mm. 
Hg., and 215 parts by weight of water are 
split off. The resulting polyester has an acid 
number of 82, a hydroxyl number of 5 and a 

20 viscosity of 413 cP/75^G 

To produce a foam material, 80 parts by 
weight of the polyester arc thoroughly mixed 
with 20 parts by weight of activator, (con- 
sisting of a mixture of potassium oleate in 

25 oleic acid with the acid number 130), 1 part 
by weight of pennethylated dicthylene tri- 
amine, as well as 80 parts by weight of 
toluylene diisocyanate containing the isomers 
toluylene - 2,4- and toluylene - 2,6 - diiso- 



cyanates in the ratio 65 : 35. The mixture 30 
of the components foams slowly whh forma- 
tion of a rigid foam material with a natural 
sponge structure. Bulk density 36 kg./m . 
Index: 470. 

Example 6 
Production of the initial material: 
1200 Parts by weight of a polypropylene 
glycol ether (molecular weight 1200) are 
verified with 219 parts by weight of adipic 
acid and 300 parts by weight of dimerised hno- 40 
Icic fatty add in the course of 16 hours at 
200° C, finally in a vacuum of 12 nun. Hg. 
Free adipic acid is deposited on the vessel 
walls which have not been contacted by the 
reaction mass, but the reaction material on 45 
the other hand shows no depositions of cry- 
stalline adipic acid The acid number is 46.2, 
OH number is 2.6 and it has a viscosity of 
322 cP/75°C. and 4200 cP/25°C. 

To produce a foam material, 80 parts by 50 
weight of the reaction material arc thoroughly 
mixed with 20 parts by weight of potassimi 
oleate in oleic add as activator, (acid number 
130), 0.5 part by weight of permethylated 
ethylene diamine^ 0.2 part by weight of a 55 
mixture of a brandied and a linear homologous 
polymeric phenylmethyl polysiloxane of the 
formulae: 




60 as well as 80 parts by weight of toluylene 
diisocyanate containing the isomers toluylene- 
2,4- and toluylene - 2,6 - diisocyanate in the 
ratio 65 : 35. The mixture of the com- 
ponents immediately becomes creamy, starts 

65 to foam and solidifies in the course of 2 
minutes to provide a fine-pored semi-rigid 
foam material with the bulk density of 34 

Example 7 
70 Production of the initial material: 

1800 Parts by weight of polyethylene glycol 
(molecular weight 600) are condensed with 
584 parts by weight of adipic add in the 
course of 15 hours at 200 to 205^0. under 
75 normal pressure, (108 parts by weight of water 
being split off), to provide a polyester with 
the add number 48, and OH number 1.2 



and a viscosity of 583 cP/75°C and of 6380 
cP 725 °C 

A foam material is obtamed from iWs 80 
polyester if 90 parts by weight thereof are 
Sioroughly and quickly mixed with 10 par^ 
by wei^ of potassium oleate in oleic acid 
(add number of the combination 130), 1 p^ 
by weight of dimethyl benzylamine and 80 85 
parts by weight of mluylene diisocyanate con- 
taining the isomers tohiylene - 2,4- and 
toluylene - 2,6 - diisocyanate in the ratio 
65 : 35. The mixture of the components 
becomes creamy, starts to foam and soHdifies 90 
in the course of 1 minute into a semi-rigid 
foam material having the bulk density of 
42 kg/m^. The foam material shows a shgnt 
degree of shrinkage after cooHng. Index: 
800. 
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E3CAMFLE 8 
Frod'icdoii of the initial material: 
1200 parts by weight of dimerised linoleic 
fatty acid (add number 190) are condensed 
5 with 600 parts by weight of polyethylene glycol 
(molecular weight 600) in 20 hours at 200 to 
205 °C. (36 parts by weight of water being 
split off), to provide a polyester (acid num- 
ber 64, Oil number 0, viscosity 710 cP/75*^C. 

10 and 12550 cP/25°C.). 

A foam material is obtained from this poly- 
ester if 88 parts by weight thereof are mixed 
with 12 parts by weight of potassium oleate 
in oleic acid^ (acid number of the combina- 

15 tion 130), 0.5 part by weight of permethylated 
tetramethylenc diamine, 0.1 part by weight of 
the phenyl methyl polysiloxane described in 
Example 6, as well as 100 parts by weight 
of toluylene ~ diisocyanatc containing the 

20 isomers toluylene - 2,4- and toluylene - 2,6- 
diisocyanates in tlie ratio 80 : 20. There is 
immediately formed a very creamy reaction 
mixture which starts to foam and which 
solidiiies in the course of 1 minute into a 

25 fine-pored semi-elastic foam material with the 
bulk density of 35 I^/m*. This material has 
a relatively high nimiber of dosed pores, which 
results in a certain degree of shrinkage of the 
foam material after cooling to room tempera- 

30 ture. Index: 803. 

Example 9 
Production of the initial material: 
To 1000 Parts by wdght of dimerised 
iinoldc fatty acid (add number 190) are 

35 added while stirring 30 mL of a substantially 
50% aqueous caustic potash solution at room 
temperature and the mixture thereafter is 
dehydrated at lOO^C under reduced pressure. 
The reaction product, containing the potassium 

40 salt of the polycarboxylic acid dissolved in 
the said polycarboa^lic add^ has an add 
number of 157. 

To produce a foam material, 100 parts by 
weight of the add containing potassium sak 

45 are mixed with 0.5 part of wdght of per- 
methylated diethylene triaminc, 0.2 part by 
weight of the phenylmethyl polysOoxane des- 
cribed in Example 6 and 80 parts by weight 
of toluylene diisocyanate containing the isomers 

50 toluylene - 2,4- and toluylene - 2,6 - diiso- 
cyanates in the ratio 65 : 35. The homo- 
genised mixture of the components is solidi- 
fied in the course of 8 minutes to give a 
rigid, fine-pored, very brittie foam material 
with the bulk density of 45 kg/m*. Index: 
271. 

With otiierwise the same foam recipe, but 
working with 160 parts by weight of toluylene 
diisocyanate {le. with an index of 542), a like- 
60 wise rigid and extremely brittie foam material 
having the bulk density 18 kg/m^ is obtained 
with a strong positive heat of reaction. 
Example 10 
Production of the initial material: 
65 1314 Parts by wdght of adipic add are 



condensed at 200 to 205°C with 821 parts 
by weight of diethylene glycol and 22.4 parts 
by weight of trimethylol propane under nor- 
mal pressure in the course of 15 hours to 
give a polyester (add number 80.2, hydroxyl 70 
number 1.8, viscosity 327 cP/75^C. and 5870 
cP/25^C.). 

A foam material is obtained from this poly- 
ester if 70 parts by weight thereof are mixed 
with 30 parts by weight of potassium oleate 75 
in oldc addj (acid number of the activator 
combination is 130), 1 part by weight of sili- 
cone oil and 80 parts by wdght of toluylene- 
2,4 - diisocyanate. The mixmre foams and 
solidifies in the course of 2 minutes into a 80^ 
rigid foam material with a bulk density of 
34 kg/m=. Index: 450. 

Example 11 

Production of the initial material: 

2000 Parts by weight of linear poly- 85 
propylene glycol ether (hydroxyl number 56), 
197 parts by weight of adipic add and 390 
parrs by wdght of a polyfunctional carboxjiic 
acid (molecular weight 600, add number 190 
- and obtained by polymerisation of unsaturated 90 
Iinoldc fatty acid) are esterified at 200 to 
205°C. in the course of 12 hours, (the last 
six hours under a reduced pressure of 150 
mm. Hg.), and 36 parts by wdght of water 
are split oH. The polyester obtained in this 95 
way^nas an .add number nf 52, a hydroxyl 
number of 9 a viscosity of 275 cP/75®C 
and of 3340 cP/25°G. 

For the production of a foam material 
from this polyester, 75 parts by wdght tiiere- 100 
of are thoroughly mixed with 25 parts by 
weight of an activator combination consisting 
of a mixture of the potassium salt of poly- 
merised Iinoldc fatty add dissolved in the 
same linoleic fatty add, (acid ntmiber of the 105 
combination 127), 0.5 part by weight of per- 
methylated diethylene triamine, 0.2 part by 
weight of the phenylmethyl polysiloxane des- 
cribed in Example 6, as well as 100 parts by 
wdght of toluylene diisocyanate containing the 110 
isomers toluylener - - 2,4 diisocyanate and 
toluylene - 2^6 - diisocyanate in the ratio 
65 ~ : 35. The mass immediately b^ins to 
foam and solidifies in the course of 90 sec- 
onds into, a semi-r^d fine-pored foam material 115 
with a bulk density of 40 kg/m^. Index: 
690. 

In order to produce a foam material having 
a lower bulk density of 29 kg/m^ while using 
the same foam recipe, 1.5 parts by wdght 120 
of water are concurrentiy employed. Index: 
345. 

A similar foam material is obtained if the 
activator used is the salt Of a quaternary 
ammonium base with a carboxylic add, obtain- 125 
able by neutralisation of dibenzyl dimethyl 
ammonium hydroxide, (62.4% in water), with 
an excess of polymerised linoleic fatty acid, 
the add number of the anhydrous combina- 
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don being 153. The foam constituents are 
as follows: 

60 Parts by weight of polyester as des- 
cribed above, 
5 40 Parts by weight of quaternary anunon- 
ium salt, 

0.5 Part by weight of pennethylated di- 
ethylene triamine, 

0.5 Part by weight of the organic silicone 

10 compound described in Example 12 and 

100 Parts by weight of toluylene - diiso- 
cyanate, the same isomer ratio as above. 

The foam material has a bulk density of 
32 fcg/m>. 

15 Example 12 

60 Parts by weight of the polyester des- 
cribed in Example 11 are thoroughly mixed 
with 40 parts by weight of an activator com- 
bination consisting of a solution of the potas- 

20 sium salt of polymerised fatty acid of linseed 
oil in the same acid, (acid nimibcr of the 
combination 127), 1 part by weight of a 
copoljmier of a trialkoxy polysiloxane and a 
polyethylene propylene glycol monoalkyl ether 

25 according to Example la of United Kingdom 
Patent Specification No. 804,369, as well as 
140 parts by weight of a 90% solution of 
4,4^ - diphenylmethane - diisocyanate in 
chlorobenzene. The mass immediately becomes 

30 of a creamy consistency and starts to foam, 
solidifying in the course of 2i minutes into 
a rigid foam material with a very uniform 
pore structure without any sign of shrinkage. 
Bulk density 50 kg/m*\ Index: 501. 

35 By the additional use of 1 part by weight 
of water and 140 parts by weight of 4,4*- 
diphenylmethane - diisocyanate (90% in tri- 
chlorodiphenyl) to the above foam constiments, 
a foam material of similar type is obtained, 

40 but with a bulk density of 32 kg/m^. Index: 
STB. 

Example 13 
Preparation of the initial material: 
A polyester is prepared by a known method 
45 from 1200 parts by weight of linear poly- 
propylene glycol ether (molecular weight 
1200), 260 parts by weight of adipic acid, 300 
parts by vreight of polymerised fatty acid of 
linseed oil (molecular weight 600, add num- 
50 ber 190) and 25 parts by weight of tri- 
methylol propane. The polyester has an acid 
number of 55.8, a hydroxyl number of 1.5 
and a viscosity of 373 cP/75*=*C and of 5016 
cP/25«>C 

55 For the production of a foam material, 65 
parts by weight of this polyester are inti- 
mately mixed with 35 parts by we^t of 
potassium salt of polymerised fatty acid in 
the same acid, (acid number of the com- 

60 bination 157) ^ 03 part by weight of the 
phenylmethyl polysiloxane described in 
Example 6, 0.5 part by weight of per- 
methylated hexamefliylene diamine as well as 
80 parts by weight of toluylene - diiso- 

65 cyanate, containing the isomers toluylene - 2^4- 



diisocyanate and toluylene - 2,6 - diisocyanate 
in the ratio 80 : 20. A. rigid foam material 
with a fine pore structure is formed with 
a bulk density of 30 kg/m'. The foam material 
already has a dry surface ^er 1^ minutes set- 70 
ting time and can be cut after another 10 
minutes. Lides: 497. 

Example 14 

60 Parts by weight of a branched poly- 
propylene glycol etiber (obtained by adding 75 
propylene oxide to trimethylol propane) and 
having a hydroxyl number of 56 are 
thoroughly mised with 40 parts by weight of 
an activator combination comprising the 
potassium salt of polymerised fatty acid of 80 
linseed oil, dissolved in the same acid^ (add 
number of the combination 167), one part by 
weight of the organic silicon compound des- 
cribed in Example 12, 0.5 part by weight 
of permethylated diethylene triamine, 2 parts 85 
by weight of water and also 100 parts by 
weight of toluylene - diisocyanate, (isomer 
ratio between toluylene - 2,4 - diisocyanate 
and toluylene - 2,6 - diisocyanate 65 : 35). 
The mixture of the components starts to foam 90 
and soh'difies after two minutes into a fine- 
pored semi-rigid foam material with a bulk 
density 29.5 kg/m^. Index: 275. 

A soft foam material with a bulk density 
of 39 kg/m^ is obtained by combining the 95 
following: 

60 Parts by weight of branched poly- 
propylene glycol ether, 

40 Parts by weight of activator combina- 
tion, 100 

1 Part by weight of the above organic 
silicon compound, 

2 Parts by weight of water, 

0.5 Part or wei^t of permethylated di- 
ethylene triamine and 105 

40 Parts by weight of toluylene - diiso- 
cyanate, (isomer ratio as above). • 

The mixture of the components expands 
over a period of 3 minutes into a foam 
material which is surface-dry after 15 minutes. 110 
Index of this composition is 235. 

Example 15 
60 Parts by weight of a linear polypropylene 
glycol ether (hydroxyl number 150) are 
thoroughly mixed with 40 parts by weight 115 
of an activator combination consisting of the 
potassium salt of polymerised fatty acid of 
linseed oil dissolved in the same add, (acid 
number of the combination 167), 1 part by 
weight of the organic sOicon compound des- 120 
cribed in Example 12, as well as 60 parts 
by weight of toluylene - diisocyanate, the 
ratio between the isomers of toluylene - 2,4- 
and toluylene - 2,6 - diisocyanates being 
80 : 20. The mixture of the components 125 
foams and solidifies within 2 minutes into 
a surface-dry, fine-pored, rigid foam material 
vrixh a bulk of density 32 kg/m*. Index: 
233. 
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EXAMFLB 15 

60 Parts of weight of a branched poly- 
propylene glycol ether (hydroxyl number 270)> 
obtained by addition of propylene oxide to 
5 trimethylol propane, are thoroughly mixed 
with 40 parts by weight of an activator com- 
bination consisting of the potassium salt of 
polymerised fatty acid of linseed oil, dissolved 
in the same acid, (acid number of the com- 
10 bination 167), 1 part by weigjit of the organic 
silicon compound described in Example 12, 
0.5 part by weight of permethylated ethylene 
diamine, as well as 100 parts by weight of 
toluylene - diisocyanate, the ratio between the 
15 isomers of toluylene - 2A: and toluylene- 
2,6 - diisocyanates being 65 : 35. The creamy 
reaction mixture very quickly starts to foam 
and solidifies after 30 seconds into a surface- 
dry rigid foam material with a bulk density 
20 29 kg/m^ Index: 270. 

Example 17 
90 Parts by weight of a linear polypropylene 
glycol ether (hydroxyl number 56]^^ obtained 
by polymerising propylene onde, are 
25 thoroughly mixed with 10 parts by weight 
of a sodium alcoholate solution of linear poly- 



propylene glycol ether of the molecular weight 
1200, (containing 2.46 g. of sodium), 100 g. 
of polypropylene glycol ether, 0.5 part by 
weight of the organic silicon compound des- 
cribed in Example 12, 2 parts by weight of 
water and 100 parts by weight of toluylaie- 
diisocyanate, (isomer ratio 65 : 35). The 
mixture solidifies with foaming in the course 
of 1 minute to provide a fine-pored ngid 
foam material with the bulk density 54 
kg/m\ Index: 349. , . ^ • t. 

A similar foam material is obtamed with 
the use of a branched polypropylene glycol 
ether ^ydroxyl number 56) obtained by addi- 
tion of propylene oxide to trimethylol pro- 
pane, ihe foam being made from: 

95 Parts by weight of branched poly- 
propylene ^ycol ether 

5 Parts by weight of activator as above 

0.1 Part by weight of an organic silicon 
compound according to Example 12 
3 Parts by weight of water and 

100 Parts by weight of toluylene - diiso- 
cyanate. , « J . z 

The foam material has a bulk density of 
38 kg/m'. Index: 263. 



EXAMFI£ 18 

"Bsa^wosxA No. 



Components 



A 


70 


70 


70 


70 


70 


85 


85 


B 


30 


30 


30 


30 


30 






- t' 












15 


15 


D 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


E 


100 






100 


100 


100 


120 


F 




100 












G 






140 











30 



35 



40 



45 



50 



In tlie above Table: ^ , -•^«/^eor'^ 

A represents a branched polypropylene glycol ether (3.2% OH, viscosity 397 cP/25 C), 

obtained by addition of propylene oxide to xylitol. 
B presents the potassium salt of polymerised fatty add of linseed oil dissolved m the 

11 e add, (add number of combination 167). ' 
r f-t:resents a linear polypropylene glycol ether, (hydroxyl number 56), with 0.87 part 

col ether. 

D represents an organic silicon compomid according to Example 12. 
E represents toluylene-diisocyanate, (isomer ratio 80:20). 
F represents toluylene-2,4-diisocyanate. 

G represents 4,4^phenylmethane-diisocyanat«, 90% in chlorobenzene. 
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The foaming reaction starts immediately on rigid foam materials with the f oUowing bulk 
m wmg the components. With rising rimes of densities and mdices: 
about 2 minutes, the result is surface-dry 



Bulk density 
kg/m^ 

Index 



1 


2 


3 


4 


5 


6 


7 


28 


58 


61 


31 


31 


69 


47 


256 


492 


431 


334 


252 


336 


304 



Example 19 
70 Parts by weight of castor oil are mixed 
with 30 parts by weight of potassium oleate 
10 in oleic acid, (acid number of the activator 
combination 130), 0.2 part by weight of the 
organic silicon compound descnbed in 
Example 12 and 120 parts by weight of 
toluylene - 2,4 - diisocyanate. In a moderate 
15 reaction a fine-pored foam material which has 
a dry surface after about 14 mmutes is 
formed. The rigid and brittie foam material 
has a bulk density of 45 kg/m'. Index: 415. 
Example 20 
20 Using the working procedure described m 
United Kingdom Patent Application No. 
39032/58 (Serial No. 888,691), an imtial 
adduct-containing isocyanate (NCO content 
10.4%, viscosity 7290 cP/25°C) is prepared 
25 from 70 parts by weight of linear poly- 
propylene glycol ether (hydroxyl number 56) 
and 29 parts altogether by weight of toluylenc- 
diisocyanate, (isomer ratio 65 : 35). 100 
Parts by weight of this initial adduct are 
30 mixed with 40 parts by weight of toluylene- 
diisocyanate, isomer ratio as above and now 
yield an isocyanate-containing initial adduct 
with an NCO content of 21.2%. 

For the production of a foam material, 80 
35 parts by weight of the previously described 
initial adduct conuining isocyanate groups are 
quickly and thoroughly mixed with 0.12 part 
by weight of the organic silicon compound 
described in Example 12 and with 20 parts 
40 by weight of an activator combination of the 
potassium salt of the polymerised fatty acid 
of linseed oil dissolved in the same acid, (acid 
number of the combination 167). The reac- 
tion mixture foams immediately and solid- 
45 ifies directly afterwards into a semi-elastic 
foam material with the bulk density 30. Index: 
606- 

Example 21 
70 Parts by weight of a polybutylene glycol 

50 ether (hydroxyl number 94.6, viscosity 20.1 
cP/75°C and 206 cP/25°C) are mixed with 
30 parts by weight of an activator combina- 
tion of tiie potassium salt of polymerised 
fatty acid of linseed oil dissolved in the same 

55 acid, (acid number of the combination 157), 
0.2 part by weight of the organic silicon com- 
pound described in Example 12 and 100 



parts by weight of toluylene - 2,4 - <too- 
cyanate. The reaction mass starts to foam 
and solidifies after a rising time of It 
minutes into a fine-pored semi-rigid foam 
material with a bulk density of 40 kg/m . 
Index: 522. _ ^ „ ^ . 

A similar foam maiErial with a bulk density 
of 27 kg/m* is obtained by mixing together 
70 parts by weight of the polybutylene glycol 
ether as described in this Example, 30 parts 
by weight of a polymeric hnoleic acid (mole- 
cular weight 600, acid number 190), 1 part 
by weight of permethylatcd diethylene tri- 70 
amine, 0.5 part by weight of the orgamc sili- 
con compound described in Example 12, 7 
parts by weight of a 17% potassium hydroxide 
solution in a 3 : 1 mixture of benzyl alcohol 
and mediyl alcohol and 100 parts by weight 75 
of toluylene - diisocyanate, (ratio between 
toluylene - 2,4 - diisocyanate and tpluylene- 
2,6 - diisocyanate 65 : 35). The index of 
this combination is calculated as 375. 

Example 22 80 
70 Parts by weight of a branched poly- 
propylene glycol ether (hydroxyl mimber 56) 
obtained fc^ adding propylene oxide to tri- 
methylol propane are mixed with 30 parts 
by weight of polymerised fatty aad of Unseed S5 
oil (molecular weight 600, add number 190), 
5 parts by weight of permethylated diethylene 
triamine, 0.2 part by weight of die organic 
silicon compoimd described in Example 12, 
5 parts by weight of methyl alcohol and 80 90 
parts by weight of toluylene - 2,4 - diiso- 
cyanate. The reaction mass starts to foam 
and solidifies in 2i minutes to fonn a rigid 
foam material with the bulk density 44 
fcg/m\ Index: 280. 95 

A similar foam material is obtained if the 
mediyl alcohol is replaced by the substituted 
carbamic acid methyl ester obtained from 
toluylenc-2,4-diisocyanate and methyl alcohol. 
The foaming process is made slower and the 100 
bulk density of the foam material is 89 kg/m'. 
Example 23 
100 Parts by weight of the polyester des- 
cribed in Example 11 are mixed with 10 
parts by weight of zinc stearate, 5 parts 105 
by weight of permethylated diethylene tri- 
amine, 0.5 part by weight of the organic 
silicon compound described in Example 12 



16 



908,337 



and 80 parts by weight of toluylene - 2,4- 
diisocyanate. In a moderate reaction, a 
coarse-pored foam material is formed within 
10 minutes with expansion of the reaction 
5 mixture. Bulk density 69 kg/m^. Index: 845. 
Example 24 
80 Parts by weight of polyester according 
to Example 11, 20 parts by weight of poly- 
merised fatty acid of linseed oil, (molecular 

10 weight 600, acid number 190), 20 parts by 
weight of sodium 4 - chloro - 2 - nitro- 
phenyl, 0.2 part by weight of organic silicon 
compound according to Example 12, 100 
parts by weight of toluylene - diisocyanate, 

15 (isomer ratio 80 : 20), are homogeneously 
mixed. In a quick reaction, a semi-iigid foam 
material is formed with a bulk density of 24 
kg/m^, this material being yellowish in colour 
after storage. Index: 741. 

20 Example 25 

60 Parts by weight of a branched poly- 
propylene glycol ether (hydroxyl number 56) 
obtained by addition erf propylene oxide to 
trimethylol propane are mix^ with 40 parts 

25 by weight of an activator combination con- 
sisting of the potassium . salt of the poly- 
merised fatly add of linseed oil dissolved 
in the same acid, (acid niunbec of the com- 
bination 167), 2 parts by weight, of per- 

30 methylated diethylene triamine, 0.5 part by 
weight of the silicon compound described an 
Example 12 and 120 parts by weight of 
4,4* - diphenyl methane diisocyanate, 90% in 
dilorobe£zene. The reaction mass starts to 

35 rise and splidiiies in a period of 2 minutes 
to form a fine^pored rigid foam material with 
a bulk density of 47.5 kg/m^ Index: 441. 

A similar foam material with a bulk density 
of 46 kg/in* is obtained by using a linear 

40 polypropylene glycol ether of the same 
hydn>xyl number instead of the aforesaid 
branched type. 

Example 26 
30 Parts by weight of the polyester des- 

45 cribed in Example 11 are mixed with 20 
parts by weight of an activator combination 
con^sting of the potassium salt of the poly- 
merised fatty add of linseed oil in the same 
acid, (acid number of combination 127), 1 

50 part by weight of permethylated diethylene 
triamine and 0.2 part by weight of organic 
silicon compound according to Example 12 
and heated to a temperature of 70°C To this 
mixture are added 150 parts by weight of 

55 a 75% ethyl acetate solution of the polyiso- 
cyanate rrfcned to below (NCO content 
14%), the said solution being preheated to 
the same temperature. After nniying ^ the 
reaction components, the mixture starts to 

60 foam and solidifies in a period of 10 minutes 
into a rigid foam material with the bulk 



density of 44.5 kg/m^. The polyisocyanate is 
obtained by reacting 1 mol of trimethylol 
propane with 3 mols of toluylene - 2,4 - di- 
isocyanate. 65 
Example 27 
100 Parts by weight of a mixture of 60 
parts by weight of a linear polypropylene 
glycol ether (hydroxyl number 56) and 40 
parts by weight of a polycarboxylic acid (acid 70 
numebr 190) obtained by polymerisation of 
fatty acid of linseed oil and 0.3 part by 
weight of the organic silicon compound des- 
cribed in Example 12 (this mixture being 
designated as component I) are mechanically '5 
homogenised at normal temperature vmh 6 . 
parts by weight of an activator mixture con- 
sisting of 16.7% of potassium hydroxide, 
16.7% of permethylated diethylene triamine 
and 66.6%, of methyl alcohol (component II), ^ 
the homogenisation being obtained by inject- 
ing component II into the flowing stream of 
component I. The further mixing of the 
resulting mixture of components I and II 
with 100 parts by weight of toluylene - diiso- 85 
cyanate, (2,4- to 2,6- isomer ratio 80 : 20), 
takes place at room temperature by injection 
of the toluylene - diisocyanate into the flow- 
ing steam of the combination consisting of I 
and IT. -The reactive mixture obtained by a ^ 
mixing time of about 1/300 of a second is 
inidally a fairly dear liquidj which starts to 
foam after about 3 to 5 seconds and has 
solidified in a period of about 20 to 30 
seconds into a semi-rigid foam material (bulk 
density 21 kg/m"). The foam material has a 
dry surface. After cooling, it can be sawn, 
cut or machined in any other way. This com- 
bination is espedally suitable for insulation 
purposes and exisdng cavities can be satis- 100 
factorily filled therewith. 

Example 28 - 
70 Parts by weight of a linear polyethef 
(hydroxyl niunber 56) obtained by addition of 
propylene oxide to polyethylene glycol (mole- 105 
cular weight 300) are mixed with 30 parts 
by weight of an activator combination con- 
sisting of the potassium salt of polymerised 
fatty acid of linseed oil, dissolved in the 
same acid, (acid number of the combination 110 * 
165), 0.5 part by.wdght of the org^c .silicon 
compound described in Example 12 and 100 
parts by weight , of toluylefie - diisocyanate 
(isomer ratio between toluylene - 2,4- and 
toluylene - 2,6- diisocyanates being 65 : 35). 115 
The mixture starts to foam and solidifies 
into a semi-rigid fine-pored foam material 
with a bulk density of 3Z6 kg/m^ After 1 
minute, calculated from the time of mixing 
the components the foam material akcady 120^ 
shows a surface which is no longer tacky. 
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Example 29 

Experiment No. 



10 



Components 1 2 3 4 5 

giving amonnts of each component in parts by weight 



A 


60 


50 


40 


20 




B 










100 


C 








80 




D 


40 


50 


60 






E 


150 


150 


150 


100 


100 


F 


0.5 


0.5 


0,5 


0.5 


0.5 


HaO 








2.0 


2.0 


Bulk density 
Kg/m^ 


35 


30 


32 


54 


44 


Indes 


379 


395 


415 


281 


255 



A: A branched pdvether (molecular weight 750, OH number 298) obtained by adding 
ethylene oxide (45%) and propylene oxide (55%) to ethylene diamine. 

B: Polyeriier as in A (molecular weight 1750, OH number 128). 

C: A linear polypropylene glycol ether (molecular weigjit 2000, OH number 56). 

D : A polycarboxylic add obtained by polymetisation of fttty add of linseed oil (molecular 
weight 600). 

E: Toluylene-diisocyanate which contains the isomers toluylene-294-diisocyanate and 
tolaylene-296-diisoc7anace in the rado 65 : 35. 

F: Organic ssHcon conqKmnds mentioned in Exanq>le 12. 

^ The components are mixed in the quan- ratio between toluylene - 2,4- and toluylene- 

tides indicated. The mixture immediately 2,6 - diisocyanates 65 : 35). The creamy 

starts to foam. The reaction mass is solidified mixture of the components immediately 25 

within 1 — 2 minutes to form a surface-dry, starts to foam and is solidified in the course 

semi-eiastic foam materiaL of 2 minutes into a rigid foam material (bulk 

Example 30 density 30 fcg/m*) of very uniform pore 

25 Parts by weight of a hnear poly- structure and good resistance to abrasion, 

propylene glycol ether (molecular weight 2000, Index: 389. 30 
hydroxyl number 56) are mixed with 25 parts Example 31 

weight of a dimcrised Imoleic acid (mole- 60 Parts by weight of a polythioether 

cular wdight 600), 50 parts by weight of a (hydroxyl number 53) prepared from thiodi- 

branched polyester (hydroxy! number 180) glycol and triethylene glycol in accordance 

obtained from 1.4 mols of adipic add, 1 mol with Example 2 of United Kingdom Patent 35 

15 of hexanetriol and 1 mol of 1,3 - butylene Specification No. 832,352, are mixed with 40 

glycol, 2 parts by weight of a 17% potassium parts by wdght of a combination of the 

hydroxide solution in benzyl alcohol - methyl potassram salt of the polymerised fatty add 

alcohol (3 : 1), 1 part by weight of per- of linseed oil dissolved in the same add, (add 

methylated aminoethylpiperazme, 0.3 part by number of combination 165), 1 part by wdght 40 

20 weight of the orgamc silicon compound men- of permethylated diethylene triamine, 0.5 part 

tioned in Example 12 and 100 parts by by wdght of the organic silicon compound 

weight of toluylene - diisocyanate, (mixing mentioned in Example 12 and 100 parts by 
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weight of toluylene - diisocyanate, (ratio 
between the isomers toluylene - 2,4- and 
toluylene - 2,6 - diisocyanates, 65 : 35). The 
reaction mixture immediately becomes creamy^ 

5 starts to foam and is solidified after 2 minutes 
into a rigid fine-pored foam material (bulk 
density 30 kg/m^). Index; 596. 

Example 32 
Production of the initial material: 

10 In a stainless steel stirrer-type vessel hav- 
ing tin plates secured to the stirrer and a 
total weight of 160 parts by weight, 5110 
parts by wei^t of adipic add, 4178 parts 
by weight of diethylene glycol and 52 parts 

15 by w^ht of trimcthylol propane are heated 
for 23 hours to 200«>C. (the last 5 hours 
under a vacuum of 15 mm. Hg.). During 
this time 1260 parts by weight of water are 
split oft with formation of a polyester (acid 

20 number 13, hydroxyl number 75, viscosity 
6250 cP/25*>C., content of dissolved tin 
0.008%). 

A foam material is obtained from this 
branched polyester by mixing 100 parts by 
25 weight thereof vdth 2 parts by weight of 
water, 0.5 part by weight of the organic 
silicon compound described in Example 12, 
3 parts by weight of a 17% potassium 
hyoroxide solution in a benzyl alcohol- 



methyl alcohol mixture (3 ; 1) and 100 parts 30 
by weight of tohiylene - diisocyanate, (ratio 
between toluylene - 2,4- and toluylme - 2,6- 
dlisocyanates, 80 : 20). Direaly after com- 
bining the components, the mbrture starts to 
foam and solidifies into a rigid foam material 
(bulk density 23 kg/m'). Index: 380. 
Example 33 
Production of the starting material: 
1660 Parts by weight of a linear poly- 
propylene gjycol ether (molecular weight 415, 4U 
hydroxji number 270) obtained by poly- 
merisation of propylene oxide are estenfied 
with 730 parts by weight of adipic acid at 
200°C. over a period of 19 hours to form 
a polyester (add number 56, hydroxyl num- 45 
ber 17, viscosity 3190 cP/25°C.). 

For the preparation of a foam material, - 
100 parts by weight of this polyester are 
mixed with 0.3 part by weight of the orgamc 
silicon compound described in Example 12, 5 50 
parts by weight of a 17% potassium hydroxide 
sohition in benzyl alcohol - methyl alcohol 
(3 : 1) and 100 parts by weight of toluylene- 
2,4 - diisocyanate. The mixture immediately 
starts to foam and solidifies in the course of 55 
2 minutes into a non-shrinking rigid foam 
material (bulk density 28 kg/m^). Index: 
600. 
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ESAMPUB 34 

Espeiimeiit No. 



Components 



I 2 3 

giving amounts of eadi oomponait in parts by weight 



A 


100 


70 




B 






100 


C 




30 




D 


100 


100 


100 


E 


0.5 


0.5 


0.5 


F 


3 


6 


6 


G 


1 


1 




Index 


840 


469 


322 


Bulk density 
kg/m* 


62 


25.5 


25 



A: The compound obtained by addition of 1 mol of hexahydrophthalic 
add anhydride to 1 mol of a linear polypropylene glycol edier 
(molecular weight 2000); the adduct has an add number 28, 
OH number 28 and viscosity 90 cP/75'' C 

B: The compound obtained by addition of 0.75 mol of hexahydro- 
phthalic add anhydride to 1 mol of polybutylcne glycol (molecular 
wdght 580); the addua has an add number 62, Iqrdroxyl number 
97 and viscosity 1293 dP/25** C 

C: The polycarboxylic add (molecular wdg^t 600, add number 190) 
obtained by polymerisation of linoldc add. 

D: A miztuze of the tQluylene-2,4-diisocyanate and toluytoe-2,6- 
diisocyanate in the ratio 65 : 35. 

E: An organic silicon compound mentioned in Exan^k 12. 

F : 17% Fotassium hydroxide solulixm in benzyl alcohol-methyl akohol 
(3 : 1). 



G: Peimethylated diethylene triamine. 



10 



If the components are combined in the pro- 
portions indicated, the homogenised mixtuie 
starts to foam and solidifies into fine-pored 
rigid foam materials which are excelkntly 
suitable for insulation purposes. 

Example 35 

100 Parts by weight of component A are 
mixed with 100 parts by wdght of toluylene- 
diisocyanate, (isomer ratio 65 : 35), and 2 
parts by wdght of a 17% potassium-iydroxide 
solution in benzyl alcohol - methyl alcohol 
(3 : 1) with the parts by weight of the 
blowing agents A-I a,s indicated below. In all 



cases, the reaction mixtures immediately 15 
foam after the components have been stirred 
together and solidify in the course of 1—2 
minutes into rigid foam materials with the 
bulk densities as indicated. The foam 
materials A-D and H show a pure-whhe core, 20 
while the remainder have more or less strong 
brownish-coloured core discolourarions. All 
foam materials have a uniformly fine pore 
structure. The componttit A is a mixture of 
70 parts by weight of a polyester of 3 mols 25 
of polypropylene glycol (OH number 270) 
and 2 mols of adipic acid (add number 2, 
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OH number 84), 30 parts by weight of a weight of permethylated diethylene triamine 

polyester of 2 mols of phthalic acid anhydride, and 0.3 part by weight of the organic silicon 

1 mol of adipic add, 1 mol of oleic acid compound mentioned in Example 12. Index: 

and 5.3 mols of trimethylol propane (OH 358. 
number 353^ acid number 0.5), 1 part by 



Blowing Agent 



A Trichlorfluoimethane 


20 parts by weight 


Bulk density 26kg/m' 


B 1,1-Dichlorethylene 


13 


»5 3> 


99 


99 


» 


30 „ 


C 7i-Propylchloride 


11 


99 99 


99 


99 


99 


28 „ 


D 1,2-Dichlorethylene 


13 


39 99 


99 


99 


99 


29 „ 


E Trichloretliylene 




99 99 


99 


99 


99 


40 „ 


F l,2-Dicbloroprop8ne 


16 


99 99 


99 


99 


99 


38 „ 


G Tetrachlormediane 


20 


99 99 


99 


99 


99 


36 „ 


H n-Buiylchlotide 


13 


99 99 


99 


99 


39 


26 „ 


I 1,2-Dichloretliane 


14 


99 99 


99 


99 


99 


35 „ 




Example 36 














Experiment No. 






Components - 1 2 3 

giving amounts of each component in 


part 


4 

s by weight 


A 


100 


100 




100 




100 


Anisol-234-diisoqi^anate 


100 












m-ph^ylene diisocyanate 




100 










p-Phenylene ditso<g^anate 








100 






ToIi;Qrlene-2,4-diisocyanate 












100 


B 


6 


3 




2 






C 


1 


1 








1 


Potassium phthalimidc 












10 


Bulk density of foam 
material kg/m^ 














23 


24 




33 




38 


Index 


387 


537 




568 




588 
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In the components mentioned in the above 
Table arc mixed together, rigid foam materials 
with the bulk densities indicated are obtained 
after a setting time of a few minutes. The 
5 diisocyanates which are solid at room tempera- 
tures are melted down before being mixed 
with the other components. 

In the Table: 
A represents a mixture of 60 parts by weight 
10 of a linear polypropylene glycol ester (OH 
number 56), 40 parts by weight of 
dimerised linoleic acid (acid number 190) 
and 0.3 part by weight of the organic 
silicon compound mentioned in Example 
15 12. Add number of the miscture 78, 
viscosity 1240 cP/25®C 
B represents 17% potassium hydroxide solu- 
tion in benzyl alcohol and methyl alcohol 
(3 : 1). 

20 C represents pecmethylated diethylene tri- 
amine. 

Example 37 
100 Parts by weight of a mixture of 
viscosity 1380 cP/25°C, of 80 parts by 

25 weight of a linear pol5rpropylene glycol ether 
(OH number 93) and 20 parts by weight of 
a styrene - allyl alcohol copolymer (molecular 
weight 1150), (OH number 252), are mixed 
with 1 part by weight of 17% potassium 

30 hydroxide solution in benzyl alcohol and 
methyl alcohol (3 ; 1), 0.3 part by weight 
of the organic siUcon compound described in 
Example 12, 0.75 part by weight of per- 
methylated diethylene triamine, 2.5 parts by 

35 weight of water and 100 parts by weight of 
toluylene - diisocyanate, (isomer ratio 65 : 35). 

llie mixture inunediately becomes creamy 
and starts to foam with formation of a rigid 
foam material having a uniform and very 

40 fine pore structure (bulk density 36 kg/m*). 
The foam material has particularly good resis- 
tance to abrasion. Index: 224. 
WHAT WE CLAIM IS: — 
1. A process for die production of foam 

45 materials which comprises reacting at least 
one polyhydroxyl and/or polycarboxyl com- 
pound widi a molecular weight greater dian 
300 and^ if necessary or if desired (the latter 
case being where caiboxyl groups are present), 

50 a compound which produces a blowing action 
under the reaction conditions, in the presence 
of a catalyst capable of polymerising iso- 
cyanates to form a perhydrotriazine ring, 
with more than twice the quantity of poly- 

55 isocyanate which is reqmred for reaction with 
the free hydroxyl and/or carboxyl groups and, 
if present and reactive, the compound which 
produces a blowing action under the reaction 
conditions. 

60 2. A modification of the process claimed in 
claim 1, wherein the polyhydroxyl and/or 



polycarboxyl compound is reacted in a first 
step with the polyisocyanate to form a pre- 
polymer containing free NCO groups and 
this prepolymer is reacted in a second step o5 
with the compound which produces a blow- 
ing action under the reaction conditions. 

3. A process as claimed in claim 1, wherein 
the catalyst capable of polymerising iso- 
cyanates to form a perhydrotriazine ring has '0 
an alkaline reaction in an aqueous medium. 

4. A process as claimed in claim 3, wherein 
the catafyst is a compound of the general 
formula 

R—OeMe® 75 

in vdiicfa. Me represents an alkali metal or 
a quaiBmary anmionium group and R repre- 
sents a hydrogen atom or an alkyl, aryl, 
aralkyl or cydoalkyl group. 

5. A process as daimed in claim 3, wherein 80 
the catalyst is a tertiary amine. 

6. A process as claimed in any of the pre- 
ceding claims, wherein the compound which 
produces a blowing action under the reaction 
conditions is water. 85 

7. A process as claimed in any of the pre- 
ceding claims, wherein the polyhydroxyl com- 
pound is a polyBlkylene glycol ether. 

8. A process as claimed in claim 7, where- 
in the polyalkylene glycol ether has a mole- 90 
cular weight between 300 and 10,000. 

9. A process as claimed in any of the pre- 
ceding claims, wherein the polyisocyanate is 
toluylene - 2,4 - diisocyanate or toluylene- 

2,6 - diisocyanate or a mixmre thereof. ^5 

10. A process as claimed In any of die pre- 
ceding claims, wherein the hydroxyl and/or 
carboxyl group containing compound is a 
polj^ther or polyester containing a poly-, 
meiisabte double bond. 

11. A process as claimed in any of the 
preceding daims> wherein the amount of poly- 
isocyanate used is such that the isocyanate 
index, as hereinbefore defined, is from 500 



to 1000. 
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12. A process as claimed in any of the 
preceding claims, wherein die blowing action 
is supplemented by introducing air, carbon 
dioxide or nitrogen into the reaction mixture. 

13. A process as claimed in any of the pre- 110 
ceding claims, substantially is described with 
reference to any one of tie Examples. 

14. Foam materials when produced by a 
process as claimed in any one of the preceding 
claims. 115 

ELKINGTON AND FIFE, 
Chartered Patent Agents, 
Bank Qiambers, 329 High Holbom, 
London, W.C.1. 
Agents for the Applicants. 
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II est coimu de preparer suivant ie procede de 
polyaddition anx isocyanates, a partir de derives a 
poids moleciilaire deja eleve poseedant des atonies 
d'hydrogene susceplibles de reagir et des polyiso- 
cyanates« des matieres p]a£tiqu€S» auquel cas il se 
developpe pendant la formatioii de la structure a 
poids moleculaire eleve, par un choix convenable 
des reactifs, du gaz carbonique qui fait gonfler la 
structure a poids moleculaire eleve en? im produit 
mousse. Dans ce but, on est parti de derives a 
poids moleculaire eleve presentant des groupes car- 
boxyles mais, industridlement, en particidier, on a 
prefere ajouter de Teau aux matieres premieres 
contenant des groapes OH. Ce dernier procede pre- 
senter du point dc vue de Tutilisiation des isocya- 
nates^ rinconvenient d'etre pea rationnel, etant 
donne qu'une molecule d'eau consomme deux grou- 
pes NCO. 

En consequence, on a deja essaye de faire 
reagir des derives polyhydroxyles avec des polyiso- 
cyanates, en presence d'halogeno-alcanes, comme 
agents gonflants, en utilisant des qnantites aus&i 
petites d'eau, voire pas du tout, pour obtenir des 
produils mousse. Les produits mousse prepares 
suivant ce procede, en particuiier ceux pour les- 
quels on n'emploie pas d'eau, se differencient des 
produite mousse prepares avec de i'eau. de la ma- 
niere bien eonnue, cependant sans halogeno-dcanes, 
par une moUesse plus grande. 

Sous ce rapport, on a precoms6 de realiser le 
processus de moussage exclusivement a Taide d'ha- 
logeno-alcanes, auquel cas on doit operer expresse- 
ment en I'absence d'eau, mais aussi en I'absence de 
grottpe carboxyle pour exclure totalement la forma- 
tion dc gaz carbonique. 

L'objet de la presente invention est, en conse- 
quence, un procede pour la preparation de produits 
mousse a base d'isocyanate, a partir de derives po- 
iycarboxyles avec un poids mol&ulaire superieur 



a 200, de polyisocyanates, d'activateurs et d'agents 
gonflants qui est caracterise par ic fait qu'on fait 
reagir les derives polycarboxyles avec un- indice 
d'acide superieur a 20 et un total de I'indice d'acide 
et de Tindice d'hydroxyle de 150-600 en 1' absence 
d'eau avec, au maximum, le double de la quantite 
equivalente de polyisocyanate, en presence d'hydro- 
carbures halogenes insatures et/ou salur^ avec un 
point d'ebullidon inferiear a 150. 

Dans ce procede, Taction de gonflement se pro- 
duit avec formation de mousse par reaction d'un 
groupe NCO avec un groupe COOH avec formation 
d'un groupe carbonamide et degagement simultane 
de gaz carbonique. L'action de gonflement est favo- 
risee par les hydrocarburcs halogenes satur^s et/ou 
insatures. Ce mode operatoire presente, a beaucoup 
de points de vue, des avantages par rapport au pro- 
cede indique au debut Le fait que Ton n'emploie 
pas d'eau simplifie le cours de la reaction totale 
etant donne qu'il n'est plus neceseaire d'ajuster 
les reactions NCO-OH et NCO-H2O dans le sens 
d'un deroulement synchrone, ce qui, on le sait, 
presente sou vent des difficultes. Le procede de la pre- 
sente invention apporte ainsi, du fait de son mode 
operatoire plus simple, non> seidement une plus 
grande surete de fabrication, mais, en outre, du 
fait d'une consommation pins faible en polyisocya- 
nate, encore une iconomie. 

Une difference essentielle du nonveau mode ope- 
ratoire par rapport aux procedes ou Ton travaille 
avec des derives polyhydroxyles et des halogeno-al- 
canes a Texclusion d'eau, repose sur la presence 
des groupes carboxyies qui, au cours du moussage, 
se transforment, dans une mesure plus grande, pour 
engendrer des groupes carbonamides susceptibles de 
liaisons secondaires. Ce fait trouve une expression 
visible dans une autre propriete des mousses de 
carbonamide comparee a celles qui ne conliennent 
que des groupes urethanes. Le procede reunit done 
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left avantages des mousses isocyonate-eau* dans lea- 
quelled il sc forme egalement des groupes urees 
susceptibles de donner egalement des valences se* 
condaire& et des mousses d'urethane pures, gonflees 
par les halogeno-alcanes qui se signalent par line 
grande econoraie da point de vue mise en ceuvre des 
isocyanates. 

Les derives poiycarboxyles convenant pour le pro- 
cede presentent un poids moleculaire superieur a 
200 et un indice d'acide superieur h 20. lis peuveiit 
encore comporter en outre des groupes hydroxyies. 
Dependant, la somme des indices d'acide et d'hydxo- 
xyles se trouve dans rintervalle 150'600. Sont a 
considerer comme ezemples suivant ie proced6 de 
condensation bien connn des polyesters lineaires ou 
ramifies obtenus a partir d'alcools, polyfonctionnds, 
aminoalcools, acides hydrozycarboxyliques, amino- 
carboxyiique^, ou polycarboxyliques. Par I'ajuste- 
ment des proportions de composants et aussi par le 
type de condensation, il est possible, facilement, 
de preparer des polyesters avec des groupes car- 
boxyies ou aussi avec des groupes carboxyles et des 
groupes hydroxyies. Des derives convenables pour 
la preparation de tels polyesters sont par exemple 
I'ethyleneglycolj le diethyleneglycol, ou les poly- 
ethyleneglycols de formuie generale : 

H0-ICH2-CH8-0KCH2-CH2-0H 

dans laqueQe n represente ua nombre entier supe- 
rieur a 1, le propylenegiycoU le dipropyleneglycol 
ou les polypropyieneglycols de fornnde generale : 

HO-ICH-CHa-OKCHa-CH-OH 
t I 
GH3 CH3 

auquei cas n represente un nombre entier superieur 
a I, des glycols de f ormule generale : 

H0(CH2).OH 

dans laquelle n represente un nombre entier supe- 
rieur a 2, butanedioM,3, butanediol-2,3, 2,2-dime- 
thylpropanedioi-1,3 butyIene-2-diol*1.4, ou encore 
glycerine, trimethylol-propane, hexanetrioM52,6, 
pentaerythrite, sorbite, produits d'addition des oxy- 
des d^alcoyiencs comme les oxydes d'ethylene, de 
propylene, de 1,2- ou 2,3-butylene, de styrene, Tepy- 
chlorhydrine, le tetrahydrofurane sur des alcools di- 
et/ou poly-fonctionneJs nommes, I'acide lactique, 
la butyrolactone, la caprolactone, Tacide ricinolei- 
que, Tacide tartrique, I'acide citrique^ I'acide oxali- 
que, les acides alcoylene-dicarboxyliques de for- 
mule generale : 

H0OC-[eH2]-„C0OH 

daiis iaquelle n est un nombre entier superieur 
a 0, les acides maleique ou fumarique, phtalique par 
polymerisation d'acides polycarboxyliques dimeres 



ou avec une fonctionnalite superieure obtenus par 
polymerisation d'acides gras insstures^ les acides 
polycarboxyliques obtenus par syntbese dienique 
avec par exemple I'anbydride maleique ou les pro- 
duits d'hydrogenation de ceux-ci. 

Par Tcmploi simuitane d'amino-alcools ou des 
polyamines ou des acides aminocarboxyliques avec 
des atomes d'azote Icrtiaire, on obti^t egalement 
des polyesters-amides appropries. 

Les polyesters ou poiyamides obtenus a partir des 
matieres ci-dessus ou d'auires peuvent elre modifies 
avec des alcools ou des acides carboxyliques mono- 
fonctionnds comme par exemple des acides gras 
satures ou insatures. D'autres derives poiycarboxy- 
les convenables peuvent etre obtenus par fixBtion 
d'anbtydrides polycarboxyliques sur des composants 
lineaires ou ramifies comportant des groupes hydro- 
xyies comme par exemple polyesters, polyesters- 
amides, ethers ou thioethers de polyaicoyleneglycol, 
polyacetals. Des anhydrides convenables sont, par 
exemple, les anhydrides maleique, succinique, phta- 
iiquc, hexahydrophtalique, citraconique, pyromelli- 
tique, trimelliiique ou aussi des produits d'addition 
de I'anhydride maleique sur I'bexachlorocyclopen- 
tadicne ou le produit d'hydrogenation de celui-ci. 

On citera encore les produits obtenus par fixation 
de nitrile acrylique sur les derives polyhydroxyles 
comme par exemple les ethers lineaires oo ramifies 
de polyalcoylene^ycols, Tamidon degrade ou Tace- 
tylceiluiose avec saponification subsequente des pro- 
duits d*additiott. A la place du nitrile acrylique, 
on peut parfois faire agir directement Tacide acry- 
liqiie. 

On citera encore les acides polycarboxyliques- 
ethers de polyalcoyieneglycols obtenus par oxyda- 
tion des ethers de polyaicoyleneglycol suivant le 
procede du brevet allemand n® 1.047.442 du 
9 septembre 1957. Comme matieres premieres, on 
utiiisera aussi les produits que Ton peut obtenir par 
copolymerisation de Tacide fumarique^ de Tanhy- 
dride maleique, des semi-esters maleiques, de I'acide 
iTotonique, de I'acide acrylique avec ie styrene, 
Tisobutylene, i'acetate de vinyle, le chiorure de vi- 
nyle, le chiorure de vinylidene, le butadiene, I'iso- 
prnne ou encore les produits d'addition de 2 moles 
d'acide oleiquc sur le ra-xylene, les condensals acide 
salicylique-formaldehyde, la carboxymethylceilu* 
lose, les copolymerisats d'acide acrylique et d'acide 
linoleique, les produits d'addition du thioglycol ct/ 
ou des acides mercaptocarboxyiiques sur des derives 
qui component des doubles liaisons, par exemple 
sur des polymerisats du butadiene ou de I'isoprene 
ou des copolymerbals de ceux-ci avec les derives 
vinyliques. 

Les produits d'etherification des silanols ou des 
siloxanes avec des polyesters lineaires ou ramifies 
ou- des polyethers ainsi que les polyacetals que I'on 
peut obtenir par les precedes bien connus, les derives 



comporlant dcs groupes epoxy sont des composants 
convenables pour la preparation de produits mousse. 
Les derives polycarboxyles doivent etre Hquides a 
la temporature ambiante pour faciliter la fabrica- 
tion indiistrielle des produits mousse. Tant que les 
derives polycarboxyles sont fortement visqueux ou 
solides, il est recommande de melanger aussi avec 
d'autres composants. Dans chaque cas, on doit faire 
attention a ce qu'il y ait un nombre suffisant de 
groupes carboxyles. L'iiidice d'acide doit etre 
superieur a 20, de preference on opere avec des 
indices d'acide de 30-60, mais meme des combinai- 
sons avec des indices d'acide superieur& a 100 peu- 
vent etre trait^es avec sucoes. 

Les polyisocyanates ou combinaisons de polyiso- 
cyanates doivent etre egaiement liquides a la tem- 
perature ambiante. On peut mettre en oRuvre aussi 
bien des pol>asocyanates simples, tels qu'on les 
oblient par pbosgenation d'amines correspondantes, 
que des polyisocyanates de poids moleculaire plus 
eleve que I'on obtient par reaction de derives com- 
portant dc^s atomes d'hydrogene reactifs avec un 
exces de polyisocyanates simples. Les isocyanates 
convenables sont, par exemple, toluylene-2,4- el 
toIuylene-2,6-diisocyanate, l-methyl-3,5.dicthylben- 
zene-24-diisocyanate, m-pbenylene-diisocyanate, p- 
phenylenediisocyanate, diphenylm6thane-4,4'-diiso- 
cyanate. naphtalene-l,5-diisocyanate, hexamethy- 
lenediisocyanate, 4.4',4" - tripbenylmetbane - triiso- 
cyanate ou encore l'isoc5''anate a poids moleculaire 
eleve obtenu par reaction, de 1 mol de trimethylol- 
propane avec 3 mols de toluylene-diisocyanate ou 
celui que Ton obtient par reaction d'un polyether 
rami fie, prepare a partir de trimetbylolpropane et 
oxyde de propylene avec un exces de toluylene dii- 
socyanate ou encore des isocyanates trimerises et 
polymerises comme ils sont decrits dans le brevet 
allemand n» 951.168, du 1« fevrier 1953. L'em- 
ploi simultane de mono-isocyan«tes n*est pas exdu, 
cependant, la proportion doit etre maintenue ffuble, 
comparer, a ccfle des polyisocyanates. Les polyiso- 
cyanates ou melanges de polyisocyanates peuvent 
etre utilises, par rapport aux atomes d'hydrogene 
susceptibles de reagii, en quantites inferieures, en 
quantites equivalentes ou en exces. L'exces d'iso- 
cyanate ne doit pas dopasser le double de la quantite 
eauivalente. 

L'emploi simultane d'activateurs est necessaire. 
Etant donne que les groupes carboxyliques rea^is- 
sent plus lentement que les groupes hydroxyles, 
nn utilise la plupart du temps des aclivateuis tres 
reactifs. 

Conviennent partieulierement bien les derives or« 
ganiques ou mineraiix. a reaction alcaline en milieu 
aqueux, ou les derives dans Icsquels le groupement 

— 0-Me+ est contenu- m moins une fois. Me reprfi- 

sentant un metal alcalin ou un groupe ammonium 
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> quaternaire. On citera les hydroxydes alcalins, les 
aicoolatee ou pbenolates alcalins ainsi que les sels 
alcalins d'acide carboxylique y compris Tacide car- 
bonique. Mais on peut employer aussi des amines 
lerliaires aliphatiqucs comme par exemple des al- 
coylene-polyamines permethylees du type de la 
tetramethylethylenediamine ou de la diethylenetri- 
aitiine permethylee ainsi que la dimetbylpiperazine, 
ITiexahydrodimethylaniline, le 1,4-diaza-bicyclo- 
(2,2.2) -octane. Les derives metaHiques solubles en 
milieu organique, comme par exemple dilaurale de 
dibutyletain, oleate d*etain II, conviennent egale- 
ment en particulier en combinaison avec les activa- 
teurs mentionnes. Si Von met en oeuvre les activa- 
teurs cpii sont en mesure de former des ions hydro- 
xyles ou des ions hydroxyles substitues, on observe 
que, dans le processus de mous&age, il se forme une 
quantite de gaz carbonique plus grande que dans 
la reaction des groupes carboxyles avec I'isocyanate 
avec formation de groupes carbonamides. Get eifet 
est particulirement visible lors de la mise en oeuvre 
d'un exces d'isocyanale. Ceci est un autre avantage 
du procede par rapport aux modes operatoires dans 
lesquels il n^ a pas de groupes carboxyles presents^ 
Les hydrocarbures satures ou non, halogenes, qui 
sont melanges avec les reactfs usuels, possedent un 
point d'ebullition inferieur a 150 °C De preference, 
on utilise des agents porogenes qui presentent un 
point d'ebullition inferieur a 50^. On citera par 
exemple trichlorofluoromethane, dichlorodifluoro- 
raethane, chlorodiflaoromethane, dkblorofluoro- 
methane, dichloroletrafluoroethane, cblorure d'e- 
thyle, Ll-dichlorethane, 1,1-dichlorethylene, 1,2-di- 
chlorethylene, cblorure de n-propyle, cblorure de 
n-butyle, trichlorofluoroethylene, tetrafluoroetbyle- 
ne, trifluorochlorethylene, 2,2-difluoro-I,l-dichlor- 
ethylene, 3.3.3-trifluoropropene. Ces liquides a has 
point d'ebullition on ces gaz liqueRables peuvent 
etre ajoutes au ou injectes dans le poiyisocyanate 
ou le deriv^ polycarboxylique ou bien, dans un 
mode operatoire automatique, au courant des com- 
posants en un point quelconque. L'emploi d'agents 
porogenes qui degagent des gaz a temperature elevee 
est une autre possibilite de reduire le poids volu- 
mique de la mousse. On peut utiliser par exemple 
razndiisobutyronitrile, I'azodicarboxylate d'ethyle, 
la dinitrosopentamethylene tetramine. 

On peut utiliser, en memo temps, egdement, des 
colorants comme par exemple des pigments mine- 
raux ou organiques, de la raaniere bien connue, des 
charges comme par exemple le noir, le gel de silice, 
des poudres metalliqnes. En outre, on peut aj outer 
au melanpe de reactifs capable de mousser des sta- 
bilisants de mousse, des tensio-actifs a anions actifs, 
ik cation actif, ou non-ionogenes ainsi que des agents 
pyropassivants comme le phosphate de trichlore- 
ihyle ou le phosphate d'ammonium. Parfois, des 
additions de plastifianls comme des hydrocarbures 
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paraffiniques fortemenl cWores ou des estcra pKta- 
iiques apportent des effets particuliers. 

On peut condiiire le precede en discontina ou 
en continu. Dans ce dernier cas, on utilise des ins- 
tallations telles que celles qui sont decrites dans ie 
brevet frangais n** 1.074.713 du 9 mai 1957 et 
dans le brevet <l€S Etats-Unis d'Amerique 
n» 2.764.565 du 8 aout 1955. 

Les produits sent des mousses demi^rigides on 
rlgides, on pent les utiliser pour des constructions 
en materiau I6ger ou blen pour des isolations ealo- 
riiiques^ frigorifiques ou phoniques. 

Example J. — a. On melange 700 parties d'un 
produit d'addition d'oxyde dc propyifene sur le 
trimetbyloipropane presentant un indice dliydro- 
xyle de 350 avec 300 parties d'acide linoleique di- 
merisc findice d'acide 180). L'indice d'acide de ce 
melange est de 54. On melange intensivement ce 
melange avec 20 parlies de Tetber de propylenegly- 
col ramifie mentionne ci-dessus, contenant 0,18 par- 
tie de sodium fixe sous forme d'alcoolate, 1 partie 
de diethylenetriamine permetbylee, 1 partie d'un 
melange d'un phenylmethylpolysHoxane lineaire et 
d'un ramifie avec une solution de 10 parties de 
tricMorofluoromethane dans 90 parties de toluylene- 
diisocyanate. 

Le melange rSactionnel cremeux commence im- 
mediatement a mousser avec une vitesse modcree et 
«e solidifie en une mousse rigide de poids volnmique 
de 25 kg/m^ 

b. On obtient une mousse egalement rigide, avec 
un poids volumique de 30 kg/m^ en melangeant 
100 parties du melange indique ci-dessus, possedant 
un indice d'acide de 54, avec 2 pardes de diethylene- 
triamine permetbylee, 1 partie du phenylmethylpo- 
lysiloxane ci-dessus et d'un melange de 70 parties 
de toluylenediisocyanate et 10 parties de tricblo- 
roiluorometbane. 

Exemph 2 : Preparation de la maliere premiere, 
— On cbauffe 1 000 parties d'un etber de polypropy- 
lene^ycol ramifie obtenu par fixation d'oxyde de 
propylene sur le trimetbyloipropane (indice d'hy- 
drox3^e 350) avec 100 parties d'anbydride sued- 
nique, pendant 3 beures, k 150^. Le produit de 
reaction a un indice d'acide de 50,3 et une viscosite 
de 1 740 cp/25". 

a. On prepare une mousse k partir de ce derive 
polycarboxyle en melangeant intensivement 100 par- 
ties de celui-ci avec 2 parties de dietbylenetriamine 
permetbylee, une partie du phenylmetbylpolysilo- 
xane cite dans I'exemple 1 et un melange de 10 par- 
ties de tricblorofiuoromethane dons 80 parties de 
toluylenediisocyanate. Le m3ange commence a 
mousser et se solidifie en ane mousse ri^e avec 
un Doids volnmique de 35 kg/m^. 

h. On obtient une mousse analogue en- faisant 
reagir, en plus, encore 0,5 partie d'octoate d^etain- 
n, avec reduction simultan^ de la proportion de 



dieth^enediamine permetbylee de 2 a 1 parties. 

Exempie 3, — On m^ange 65 parties d'un me- 
lange de 700 parties d'buile de ricin et 300 parties 
d'acide gras de rhuiie de lin dimerlse (indice d'aci- 
de du melange 56, viscosite 1 530 cp/25*) avec 
35 parties d'un ether de polypropyleneglycol rami- 
fie, obtenu par fixation d'oxyde de propylene sur le 
trimetbyloipropane (indice d'bydroxyle de 380) 
contenant 0,4 % de sodium sous forme d'alcoolate, 
1 partie du phenylmethylpolysiloxane indique dans 
I'exemple 1 et d'une solution de 10 parties de tri- 
chlorofluoromctbane dans 75 parties de toluylene- 
diisocyanate. Au cours d'une reaction moderee, il 
se forme une mousse semi-elastique avec un poids 
volumique de 43 kg/m^. 

Exempie 4. — On melange intensivement 100 par- 
ties d'un polyester obtenu h partir de 1,75 mol 
d'acide adipique, 1,75 mol de dietbyleneglycol et 
1 mol de glycerine findice d'acide 30; indice de 
OH364; viscosite 1120 cp/25<»), avec 2 parties 
d'une solution de potasse a 17 % dans Talcool 
b^izylique et I'alcool metbylique (3:1), 2 parlies 
de dietbylenetriamine permetbylee et avec une solu- 
tion de 40 parties de tricblorofluorometbane dans 
160 parties de 4,4'-dipbenylmetbanediisocyanate 
avec 33 % de NCO. Le melange reactionnel com- 
mence a mousser avec une vitesse mod€T§e et se 
solidifie en 3 minutes environ pour donner une 
mousse rigide k pores fins* 

Exempie 5. — On m3ange 100 parlies d'un 
polyester, obtenu a partir -de 5 mols d^'acide adi- 
pique, 5 mols de trietbyleneglycol et 3,34 mols 
d'hexanetriol-1,2,6 avec 2 parties d'une solution dc 
potasse a 17 % dans le melange alcool benzylique 
et alcool metbylique (3:1), 1,5 partie d'bexaby- 
drodimetbylaniline, 1 partie du derive siiicique in- 
dique dans I'exemple 1, puis avec des bydrocarbures 
halogenes en solution dans 150 parties de toluylene- 
diisocyanate comme decrit dans I'exemple 6. 

a. 14 parties de 1,1-dicbloretbylene. 

6. 13,4 parties de cblorure de n-butyle. 

c. 16,4 parties de 1 .2-dicbIoropropane. 

<f. Cblorure de tertiobutyle. 

Les melanges reactionn^ commencent immedia- 
tement a mousser et se solidifient, au bout d'un 
temps court, en des mousses rigides avec une struc- 
ture de-pore reguliere. sans coloration du noyau. 

Exempie 6, — On m^ange intensivement 100 par- 
ties en poids d'un polyester obtenu a partir de 
1,75 mol d'acide adipique, 175 mol de dietbylene- 
glycol et 1 mol de glycerine (indice d'acide 30; 
indice d'bydroxyle 364; viscosite 1120 cp/25*») 
avec 2,5 parties d'une solution a 17 % de potaP.sc 
dans le melange alcool bwizylique-metbanol (3 : 1), 
1 partie du phenylmelbylpolysiloxane decrit dans 
I'exemple 1. ainsi qu'un melange de. 10 parties de 
tricblorofluorometbane dans 150 parties d'un toluy- 
lenediisocyanate mndifi6. Apr^ melangeage intensif 



des composantB, la masse se met a mous&er unme- 
et iatement et se solid i£e, au bout •d'un temps court, 
en une mousse resistant au frottement, rigide. 

On obtient le toluylene diisocyanate modifie par 
reaction de 15 parties d'un ether de polypropylene- 
glycol obtenu par fixation d'oxyde de propylene 
sur le Irimelhylolpropane (indiee d'hy^iroxyle 365) 
avec 85 parties de toluylenediisocyanate. La teneur 
en NCO s'eleve a 33,7 %, la viscosite 94,5 cp/25«». 

Exempie 7. — On melange intensivement 100 
parties d'un polyester obtenu a partir de 730 par- 
ties d'acide adipique, 636 parties de diethyleiie^y- 
col et 357 parties de trimetbylolpropane (indice 
d'acide 30,5; indice de OH 381; viscosite 919 cp/ 
25'*), avec 6 parties d*une solution de potasse a 
17 % dans le melange alcool benzylique et alcool 
methylique (3:1), 1 partie du derive silicique de- 
crit dans I'exeraple 1 et une solution de 10 parties 
de trichlorofluoromethane dans 160 parties de 4,4'- 
diphenylmethanediisocyanate (33 % de NCO). Le 
melange, analogue a de la creme, commence a mous- 
ser immediatement et se solidifie en queiques mi- 
nates pour donner une mousse semi-rigid^ resistant 
au frottement, a pores fins, avec une structure de 
pores fins tres reguliere. La mousse presente une 
bonne adherence exceptionnelle aux parois du reci- 
pient. Poids volumiqne 33 Icg/m^. 
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RESUME 

L'invention a pour objet un procede pour la pre- 
paration -de mousses a base d'isocyanate, a partir 
de derives polyoarboxyles avec un poids molecu- 
laire superieur a 200, des polyisocyanates, des acti- 
vateurs et des agents porogenes, caracterise par ies 
points suivants pris isolement ou en combinaison : 

1" Les derives polycarboxyles avec un indice 
d'acide sup6rienr a 20 et un total de Tindice d'acide 
et de I'indice d'hydroxyle de 150-600, en I'ab&ence 
d'eau, avec, au maximum, le -double -de la quantite 
equivalente de polyisocyanate, en presence dTiydro- 
carbures halogen es satures et/ou insatures presen- 
tant un point d'ebullition inferieur a 150; 

2° On emploie comme acti vateurs des derives 
orgoniques ou minerauz, a reaction- alcaline en mi- 
lieu aqueux, dans losquels le groupement 0'~Me+ 

est contenu au moins une fois, Me representani un 
metal alcalin ou un groupe ammonium quaternaire. 
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We, Farbekfabriken Bayer Axctien- 
GESELLSCHAFTj of Leveiiaisen>Bayerwerk> 
Germany, a body corporate organised under 
the laws of Germany, do hereby declare the 
invention, for which we pray that a patent 
may be panted to us, and the method by 
which it is to be performed, to be particu- 
larly described in and by the following state- 
ment: — 

This invention relates to a method for pre- 
paring cellular polyurethane plastics. 

It is known to produce cellular plastics by 
the isocyanate-polyaddition process from rela- 
tively high molecular weight compounds con- 
taining active hydrogen atoms and polyiso- 
cyanates. Carbon dioxide is evolved during the 
course of the reaction and this carbon dioxide 
blows the structure to form the cellular 
material. In this process, relatively high mole- 
cular weight carboxyl>containing compounds 
have been employed. When cellular materials 
are produced on a large industrial scale, the 
reaction to produce carbon dioxide is accom- 
plished by utilising a compound containing 
hydrbxyl groups and water which reacts with 
— NCO groups to produce carbon dioxide. 
This process has the disadvantage of being 
uneconomical with respect to isocyanate con- 
sumption as one mol of water uses up two 
— NCO groups- 
It is also Imown to produce cellular 
materials by reacting polyhydroxy compounds 
with polyisocyanates in the presence of halo- 
alkanes as blowing agents either by them- 
selves or in the presence of water. The cellular 
materials produced by this process and 
especially where no water is employed have 
a higher degree of softness than Ae materials 
produced using water as the only blowiog 
agent as described above. 

In the latter process, the blowing is 
effecte d e^^usiYely by the haloalkanes and 



the process may be carried out not only in 
the complete absence of water, but in the 
absence of carboxyl groups, thereby prevent- 45 
ing the formation of carbon dioxide. These 
processes suffer from the disadvantages that 
where water is used in combination widi a 
haloalkane, it is necessaiy to match the reac- 
tion of the — ^NCO to hydrozyl group and 50 
the — NCO to water reactions so that liey 
proceed synchronously. This ensures the pro- 
duction of a cellular materiaL If tiie reac- 
tions are not synchronised, the carbon dioxide 
produced by the water — NCO reaction will 55 
be released either before the reaction mass 
has reached a viscosity to hold the carbon 
dioxide in small bubbles or after the viscosity 
is so great that a non-uniform product is 
formed. Further, the utilisation of water is 60 
not economically feasible for the reason that 
more expensive isocyanate is required in this 
reaction. 

Where the blowing is caused solely by the 
use of a haloalkane, only methane groups are 65 
formed as a result of the reaction by the 
hydioxyl groups and — ^NCO groups. There- 
fore, no urea groups which are capable of 
developing secondary valence bonds are 
formed. These bonds improve the physical 70 
properties of the resulting cellular poly- 
urethane. 

According to the present invention there is 
now provided a process for making cellular 
polyurethane plastics, which comprises react- 75 
ing under substantially anhydrous conditions 
an organic compound containing a plurality 
of carboxyl groups, having a molecular weight 
of at least 200 and an add number of at 
least 20 with an organic polyisocyanate 80 
' in the presence of a halohydrocaxbon having 
a boiling point less than 150°C. and a catalyst 
for the reaction between isocyanate and 
carboxy groups. 
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More particularly, the invention resides in 
the reaction of carboxyl groups with — ^NCO 
groups to produce caibon dioxide in combina- 
tion with the formation of gas by the vaporisa- 

5 tion of a halohydrocarbon to produce a cellular 
poljrurethane plastic in the absence of water. 
By this process, less isocyanate is utilised thus 
reducing the cost of one of the major con- 
stitutents and also removing the need to syn- 

10 chronise the — ^NCO hydroxyl group and the 
^NCO water reactions. Further, in the prac- 
tice of this invention the blowing is effeaed 
as a result of the reaction of the — 'SCO 
groups with the — ^COOH groups with the 

15 formation of a carbonamide group, carbon 
dioxide being simultaneously split off. The 
carbonamide group, lil;e the urea groups 
formed when using water, are capable of 
developing seconda^ valence bonds which 

20 improve tiie properties of the resulting cellu- 
lar product. The blowing action, of course, is 
due to tJie liberation of carbon dioxide and 
to the vaporisation of the halohydrocarbon. 
In the practice of this invention it is essen- 

25 tial that the compound containing a plurality 
of carboxyl groups has an acid number of at 
least 20 and a molecular weight of at least 
200, preferred compounds being those having 
a molecular weight of from 500 to 2500. 

30 These compoimds may also contain one or 
more hydroxyl groups. In this case the sum 
of the acid number and the hydroxyl nuno- 
ber should be from 150 to 600. Any suitable 
compound containing a plurality of carboxyl 

35 groups and having the particular charac- 
teristics described above may be used in the 
process according to the present invention. 
Suitable compounds arc linear and branched 
polyesters prepared by reacting polyfunctional 

40 alcohols, amino alcohols, hydroxycarboxyhc 
acids, aminocarboxylic acids or polycarboxylic 
adds. By the proper choice of proportions of 
the reactants and the reaction conditions, it 
is readily possible to produce polyesters con- 

45 taining either carboxyl groups alone or both 
carboxyl and hydroxyl groups. 

Any suitable polyfimctional alcohol may be 
used in the preparation of the polyesters con- 
taining a plurality of carboxyl groups, for 

50 example, ethj^ene glycol, diediylene glycols of 
the general formula: 

HO[— CHff-<Ma— O] „— CH=r-CH=— OH 

in which n is an integer greater than one, 
propylene glycol, dipropylcnc glycol, poly- 
55 propylene glycols of the general formula: 



C -Ca^-CH-OH 
r 

CH, 



in which n is an integer greater than one, 
glycols of the general formula: 

HO— [CH.— ]„OH 

in which n is an integer greater than two, 60 
butane - 1,3 - diol, butane - 23 - diol, di- 
methyl - 2,2 - propane - 1,3 - diol, 2 - butane- 
1,3 - butanediol, glycerine, trimethylolpropane, 
hexane - 1,2,6 - triol, pentaer>ihritoU sorbitol 
and addition products of alkylene oxide, for 
example, etiiylene oxide, propylene oxide, 
1,2- or 1,3-butylene oxide, styrenc oxide, epi- 
chlorohydrin and tetrahydrofuran with any 
of the previously mentioned polyfunaional 
alcohols. Any suitable polycarboxylic acid may 
be used in the preparation of the polyesters, 
for example, tartaric add, citric add, oxahc 
acid, alkylene dicarboxylic acids having the 
general formula: 




HOOC[— CH=— ] COOH 



75 



v.'herein n is an integer, for example, adipic 
acid, succinic acid and suberic acid; maleic 
acid, fumaric acid, phthalic acids, including 
iso- and terephthalic acids, dimeric poly- 
carboxylic acids and higher functional acids w 
obtained by polymerisation of unsaturated 
fatty adds, for example, ridnoldc add and 
soibic add; and polycarboxylic acids 
obtained by dicnc synthesis for example, 
maleic acid anhydride or hydrogenation pro- 
duas thereof. 

Polyestcramides are also suitable for em- 
ployment as the compound containing a 
pluralit>' of carboxyl groups. Any suitable 
polyesteraraide may be used such as those 
prepared by admixing amino alcohols, poly- 
amines and/or aminocarboxylic acids in the 
preparation of anv of the polyesters mentioi^d 
above to obtain polyestcramides. Any suitable 
amino alcohol may be used, for example, 
aminoethyl alcohol, aminopropyl alcohol, 
aminobutyl alcohol and aminoxylyl alcohol. 
Any suitable polyamine may be used, for 
example, ethylene diamine, propylene diamine, 
butylene diamine, cyclohexylene diamine, *w 
xylylene diamine and toliiylene diamine. Any 
suitable aminocarboxylic acid may be used, 
for example, aminoacetic acid, ^-ammo- 
propionic acid, x - aminoisovaleric acid, «- 
amino - « - metiiyl butyric acid, x - amino- 
succinic acid, » - aminoglutaric acid and 
amino - - imidazole propionic acid. Poly- 
estcramides containing tertiaiy nitrogen atoms 
may also be used. 

The polyesters or polyestcramides may also 110 
be modified with monofunctional alcohols or 
polycarboxylic acids for example, with satur- 
ated and unsaturated fatty acids including 
lauric add, pahnitic add, sieric acid and 
linoleic add. ^ . . « 

Other suitable compounds containing a 
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plurality of carboxyl groups may be used 
such as those obtained by the addition of 
polycarboxylic add anhydrides to linear or 
branched components containing hydroxyl 

5 groups, for example, hydroxyl polyesters, poly- 
csteramides, polyhydric polj^lkylene ethers, 
polyhydric polythioethers and polyacetals. Any 
suitable anhydride may be used, for example, 
the anhydrides of maleic acid, succinic add, 

10 phthalic acid, hexahydrophthalic add, dtra- 
conic acid, pyromelliric add and trimellitic 
acid. 

Any suitable hydroxy! polyester may be 
used, for example, those produced by the 

15 thermal condensation of a polycarboxylic add 
and a polyhydric alcohoL Any suitable poly- 
caiboxyHc add may be used, for example, 
succinic, oxalic, adipic, methyladipic, sebacic, 
glutaric, pimelic, azdaic and suberic add; 

20 aromatic carboxylic acids including phthalic, 
terephthalic, isophthalic and 1,2,4 - benzene 
tricarboxylic add; sulphur containing acids, 
for example, thiodiglycollic and thiodi- 
propionic add; and unsaturated acids, for 

25 example, maleic, fimiaric, itaconic and dtra- 
conic add. Any suitable polyhydric alcohol 
may be used, for example, ethylene glycol, di- 
ethylene glycol, propylene glycol, 1,3-butylene 
glycol, 1,6 - hexanediol, trimethylol - propane, 

50 pentaeiythritol, glycerine and 1,2,6 - hexane- 
triol. 

Any suitable polyhydric polyalkylene ether, 
may be used, for example, the product obtained 
by polymerising alkylene oxides or the con- 

35 densation product of an alkylene oxide with 
a small amount of a compoimd containing 
active hydrogen containing groups, for ex- 
ample, water, ethylene glycol, propylene 
glycol, but>4ene glycol, amyiene glycol, tri- 

40 methylol - propane, glycerine, pentaerythritol, 
1,6 - hexanediol and 1,2,6 - hexanetriol. Any 
suitable alkylene oxide may be used, for 
example, ethylene oxide, propylene oxide, 
butylene oxide and amyiene oxide. The poly- 

45 hydric polyalkylene ethers may be prepared 
by any known process, for example by the 
process described in Wurtz in 1859 and in 
the Eitcyclopedia of Chemical Technology, 
Volume 7, pages 257 — ^262 published by Intcr- 

50 sdence Publishers, Inc. (1951). 

Any suitable polyhydric poljnJiioether may 
be used, for example, the reaction product of 
one of the aforementioned alkylene oxides 
used in the preparation of polyhydric poly- 

55 alkylene ethers with a thioether glycol, for 
example, thiodiglycol, 3,3^ - dihydroxypropyl 
sulphide, 4,4^ - dihydroxybutyl sulphide or 
1,4 - - hydroxy ethyl) phenylene dithio- 
ether. 

60 Any suitable polyesteramide may be used, 
for example, the reaction product of an amine 
and/or amino alcohol with a carboxylic acid. 
Any suitable amine may be used, for example, 
ethylene diamine or propylene diamine. Any 

65 suitable amino alcohol may be tised, for 



example, 1 - hydroxy - 2 - aminoeihylene. 
Any suitable polycarboxylic acid may be used, 
for example, those disdosed above for the 
preparation of hydroxyl polyesters. 

Any suitable polyacetal may be used, for 70 
example, the reaction product of an aldehyde 
and a polyhydric alcohol. Any suitable 
aldehyde may be used, for example, fonn- 
aldehyde, paraldehyde and btityraldehyde. Any 
of the polyhydric alcohols mentioned above 75 
in the preparation of the hydrox^d polyesters 
may be used. 

Organic compounds containing a plurality 
of carboxyl groups of rdativdy higji mole- 
cular weight suitable for use in this invention 80 
are obtained by the addition of acrylonitrile 
to polyhydroxy compounds induding those 
mentioned immediately above and also 
degraded starch and acetyl cdlulose, with 
the subsequent saponification of the adducts. 85 
In some cases the acrylonitrile may be directly 
replaced by acrylic acid. 

Polyalkylene glycol ether - polycarboxylic 
adds obtained by the oxidation of poly- 
alkylene gl3rcol ethers may be employed in 90 
the process of this invention as compounds 
containing a plurality of carboxyl groups. 
Odier suitable polycarboxyl compounds are 
die products obtained by the copolymerisation 
of fumaric add, maleic add anl^dride, maldc 95 
add semi-esters, crotonic add and acrylic add 
with styrene, isobutylene, vinyl acetate, vinyl 
chloride, vinylidene chloride, butadiene, iso- 
prene and hexachlorocydopentadiene. Also 
suitable are the adducts of two mols of oleic 100 
add vwth w - xylene, salicylic acid-form- 
aldehyde condensates, carboxymethyl cdlu- 
lose, copolymers of acrylic add and linoldc 
add, addition products of thioglycol and/or 
mencaptocarboxylic acids wilii compounds 105 
containing double bonds for example with 
polymers of butadiene or isoprene or copoly- 
mers of these with other vinyl compoimds. 

The polycarboxyl compoimds employed in 
the process of this invention should preferably 110 
be liquid at room temperature in order to 
fadlitate the mechanical production of these 
materials. As the polycarboxyl compounds are 
highly viscous or solid, they should preferably 
fim be mixed with other components. In 115 
every case, care should be taken that a suffi- 
dent ntmiber of carboxyl groups is available. 
The acid number of the polycarboxyl com- 
poimd must be at least 20 and preferably 
from 30 to 60. However, polycarboxyl com- 120 
pounds having acid numbers greater than 100 
can be processed with good results. 

The poljdsocyanates and polyisocyanate 
combinations should also preferably be liquid 
at room temperature. Both simple polyiso- 125 
cyanates, such as those obtained directiy by 
the phosgenation of suitable amines, and 
polyisocyanates of higher molecular weight 
pr^ared by reaaing a compound containing 
active hydrogen atoms with an excess of a 130 
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simple poiyisocyanate can be used. Suitable 
isocyanates are, inter alia, for example, 
toluylene - 2,4- and toluylene - 2,6 - diiso- 
cyanates, 1 - methyl - 3,5 - diethylbenzene- 

5 2,4 - diisocyanate, m - phenylene diisocyanate, 
p - phenylene diisocyanate, diphenylmethanc- 
4,4* - diisocyanate, naphthalene 1^5 - diiso- 
cyanate, hesameihylene diisocyanate, 4,4S4^'- 
triphenylmcthane iriisocyanate, furfurylidene 

10 diisocyanate, die isocyanatc of relatively high 
molecular weight obtained by reacting one 
mol of trimethj'lol - propane witli three mols 
of toluylene diia>cyanate, the isocyanate 
obtained by reacting a branched polyether 

15 prepared from trimethylol-propane and 
propylene oxide \vitli an excess of toluylene 
diisocyanate and trimerised and polymerised 
isocyanates. Monoisocyanatcs may be simul- 
taneously employed with the polyisocyanates, 

20 provided the proportion of monoisocyanate is 
Vstpt small. The polyisocyanates and poiyiso- 
cyanate mixture may be employed in quan- 
tities less than, equal to or greater than the 
equivalent quantity, based on the active hydro- 

25 gen atoms. However, the isocyanate should 
not be employed in an amount exceedii^ twice 
the equivalent quantity. 

The simultaneous use of activators is 
essendal in the process according to the pre- 

30 sent invendon. Preferably very reactive acd- 
vators are employed since carboxyl groups 
react more sluggishly than hydroxyl groups. 
Any siutable acdvator may be used in the 
process of this invention, for example, organic 

35 and inorganic compounds which show an 
alkaline reaction in aqueous medium and 
which contain at least one — Ol^Ale"^ group- 
ings, where Me represents an alkali metal or 
a quaternary ammonium group, tertiary amines 

40 and metal compounds which are soluble in 
organic media. Any suitable compound which 
shows an alkaline reaction and which contains 
at least one — 0]""Me~ group may be used, 
for example, alkali metal hydroxides, alkali 

45 metrl alcoholates, alkali metal phenolates and 
alkali metal salts of carboxylic acids including 
sodium hydroxide, potassium hydroxide, 
lithium hydroxide, sodium methylate, sodium 
ethylate, potassium methylate, lithium ethylate, 

50 potassium phenylate, sodium phenylate, 
sodium acetate, potassium acetate, potassium 
carbonate, sodium formate and sodium carbon- 
ate. Any suitable tertiary amine catal>^t may 
be used, for example, permethylated alkyiene 

55 polj'amines such as tctramerhyl ethylene di- 
amine and permethylated diethylene diamine; 
dimethyl piperazine, hexafaydrodimethyl- 
aniline and 1,4 - diazabicycio - (2,2,2)- 
octane. Any suitable metal compound soluble 

60 in organic media may be used such as dibutyl 
dn dilaurate, tin-II-oleate and any of the 
organic compounds disclosed in Joumed of 
Applied Scieticey Vol. IV, issue No. 11, pp. 
207—211 (1960). Combinations of any of 

65 the above activators may also be used. Organic 



and inorganic compounds which show an 
alkaline reaction in aqueous media are pre- 
ferred. V/hen using such activators which 
are capable of forming hydroxyl ions or sub- 
stituted hydroxyl ions, a larger quantity of 70 
carbon dioxide is formed during the foaming 
process than is expected from the reaction 
of the carboxyl groups with the isocyanate 
groups which form carbonamide groups. This 
is particularly apparent when an excess of '5 
isocyanate is employed. This is a further 
advantage of the present process over those 
heretofore kno\vn in the art. 

Any suitable halogenated saturated or un- 
saturated hydrocarbon having a boiling point ^ 
below 150**C may be used in the process of 
this invention. Preferred blowing agents are 
those having a boiling point below 50^C 
Suitable blowing agents are trichlorofluoro- 
methane, dichlorodifiuoromethane, chlorodi- 
fluoromethane, dichlorofluoromethane, di- 
chloroteirafluoroethanc, ethyl chloride, 1,1- 
dichloroethane, 1,1 - dichloroethylene, 1,2- 
dichloroethylcnc, n - propyl chloride, n- 
butyl chloride, trichlorofluorocdiylene, tetra- 9U 
fluoroethylcne, trifluorochloroethylene, 2,2-di- 
fiuoro - i,l - dichloroethylene and 3,3,3 - tri- 
fiuoropropcnc. The halogenated hydrocarbons 
are preferably employed in an amount of from 
10 to 50 parts by weight based on the weight 95 
of the polycarboxylic acid component and 
contribute up to 75/: of the blowing action 
and preferably from 30y to 60'/^. 

These low 'boiling liquid or liquefied gases 
are admixed widi the poiyisocyanate or the 100 
polycarboxyl compound. When a suitable 
machine such as diat disclosed in British 
Specification No. 769,682 is used to mix the 
components, the halogenated hydrocarbons 
may be introduced or injected into the flow- 105 
ing stream of components at any suitable 
point. 

Blowing agents which split off gases at 
elevated temperatures may also be simul- 
taneously employed in order to reduce the 110 
weight per unit volume of the resulting foam 
materials. Examples of such blov^ing agents 
arc azodiisobutyric acid nitrile, azodicarboxylic 
add diethyl ester and dinitrosopenm- 
methylenetetramine, ^ . 

Dyesiuffs, such as organic and inorganic 
pigments, may also be used in known maimer 
in the production of the foam materials, as 
well as fillers, for example carbon black, 
shica gel and metal powder. Foam stabilisers, 120 
anion-active, cation-active and non-ionic 
emulsifiers, as well as fire-proofing agents, 
such as trichloroethyl phosphate and ammon- 
iiun phosphate may also be added to the 
foamable reaaion mixtures. It is also some- 125 
times advantageous to add a plasticiser, for 
example a highly chlorinated paraffin hydro- 
carbon or a phthaUc acid ester to the reaction 
mixture. 

The process according to the present inven- 130 
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tion may be carried out either batch-wise or 
contfnuotisly. In the latter case, the reaction 
is carried out in a mechanical device, for 
example in the apparatus described in British 

5 Specification 769,682. 

The products obtained by the process 
according to the present invention are semi- 
rigid or rigid foam materials and they can be 
used for the production of laminates of light- 

10 wieght materials or for insulation purposes 
against heat, cold or sound. 

Jn order diat the invention may be more 
dearly understood, the following Esampies, in 
winch all parts are by weight unless other- 

15 wise stated, are given by way of illustration 
only: — 

Example 1. 

a) 709 parts of an addition product of 
propylene oxide with trimethylolpropane and 

20 having an hydroxyl number of 350 are mixed 
with 300 parts of dimerised linseed oil fatty 
acid having an add number of 180. The acid 
number of the resulting mixture is 54. 80 
parts of the mixture thus produced are 

25 thoroughly mixed with 20 parts of the afore- 
mentioned branched polypropylene glycol 
ether, containing 0.18 part of sodium com- 
bined as alcoholate, 1 part of permethylated 
diethylene triamine, 1 part of a mixture of a 

30 linear and a branched phenylmethyl poly- 
siloxane and with a solution of 10 parts of 
tndilorofluozomethane in 90 parts of toluylene 
diisocyanate. 
The creamy reaction mixture immediately 

55 starts to foam at moderate speed and solidi- 
fies to form a rigid foam material having a 
weight per unit volume of 25 kg/m'. 

b) A similar rigid foam material having a 
weight per unit volume of 30 kg/m^ is 

40 obtained if 100 parts of the aforementioned 
mixture having an acid number of 54 are 
mixed with 2 parts of permethylated diethylene 
triamine, 1 part of the aforementioned phenyl- 
methyl polysiloxane and with a mixture of 70 

45 parts of toluylene diisocyanate and 10 parts 
of trichlorofluoromethane. 

Example 2. 
Production of the starting material: 
1,000 parts of a branched polypropylene 
50 glycol ether having an hydroxyl number of 
350 and which had been prepared by adding 
propylene oxide to trimethylolpropane are 
heated with 100 parts of succinic acid 
anhydride at 150°C. for 3 hours. The reaction 
55 product has an add number of 503 and a 
viscosity of 1740 cP/25«^C. 

a) 100 pans of the polycarboxyl compo\md 
thus prepared are thoroughly mixed with 2 
parts of permethylated diethylenetriamine, 1 
60 part of die phenylmethyl polysiloxane em- 
ployed in Example 1 and wth a mixture of 
10 parts of trichlorofluoromethane in 80 parts 
of toluylene diisocyanate. The resulting mix- 
ture starts to foam and solidifies into a rigid 



foam material having a weight per unit volume 65 
of 35 kg/ml 

b) A similar foam material is obtained if 
there is additionaUy used 0.5 part of tin-II- 
octoaie, v/hile simultaneously reducing the pro- 
portion of permethylated diethylene triamine 70 
from 2 parts to 1 part. 

Example 3. 
65 parts of a mixtiure of 700 parts of castor 
oil and 300 parts of dimerised linseed oil 
fatty add (acid number of the mixture 56, 75 
viscosity 1530 cP/25*'C.) are thoroughly 
mixed with 35 parts of a branched poly- 
propylene glycol ether having an hydroxyl 
number of 380 prepared by adding propylene 
oxide to trimediylolpropane, and containing 80 
0.4% of sodium combined as alcoholate, 1 
part of the phenylmethyl polysiloxane em- 
ployed in Example 1 and with a solution of 
10 parts of trichlorofluoromethane in 75 parts 
of toluylene diisocyanate. A semi-elastic foam 85 
material having a weight per unit volume of 
43 kg/m^ is formed in a moderate reaction. 

EiLAMPLE 4. 

100 parts of a polyester having an acid 
number of 30, an hydroxyl number of 364 90 
and a viscosity of 1120 cP/25«'C. obtained 
from 1.75 mols of adipic acid, 1.75 mols of 
diethylene glycol and 1 mol of glycerine are 
mixed, while stirring vigorously, with 2 parts 
of a 17% potassium hydroxide solution in 95 
benzyl alcohol and methyl alcohol (3 : 1), 2 
parts of permethylated diethylenetriamine and 
a solution of 40 parts of trichlorofluoromethane 
in 160 parts of 4,4^ - diphenylmethane diiso- 
cyanate containing 33% NCO. The reaction 100 
mixture starts to foam at moderate speed and 
solidifies within a period of 3 minutes to 
fonn a fine-pored rigid foam material. 

Example 5. 

100 parts of a polyester produced from 5 105 
mols of adipic acid, 5 mols of triethylenc 
glycol and 3.34 mols of hexane - 1,2,6 - triol, 
having an acid number of 208 and an OH 
number of 348 are mixed vdth 2 parts of a 
17% potassitim hydroxide solution in benzyl 110 
alcohol and methyl alcohol (3:1), 1.5 parts 
of hexahydrodimethylaniline, 1 part of the 
silicon compound employed in Example 1 and 
then with solutions of the following halo- 
genated hydrocarbons in 150 parts of modi- 115 
fied toluylene diisocyanate as described in 
Example 6. 

a) 14 parts of Ijl-dichloroethylene, 

b) 13.4 parts of n-butylchloride, 

c) 16.4 parts of 1,2-dichloropropane, 120 

d) 13.4 parts of tertiary-butyl chloride. 
The reaction mixtures inunediately start to 

foam and solidify witiiin a short time into 
rigid foam materials having a regular pore 
structure and without any discolouration of 125 
the core. 
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Example 6. 
100 pans by weight of a polyester having 
an acid number of 30, an hydroxyl number 
of 364 and a viscosity of 1120 cP/25^C. 

5 formed ftom 1.75 mols of adipic acid, 1.75 
mols of diethylene glycol ?.nd 1 mol of 
^ycerine are mixed \vith 2.5 parts of a 17/ 
solution of potassium hydroxide in benzyl 
alcohol and methanol (3 : 1), 1 part of tlie 

10 phenyimethyl siloxane employed in Example 
1 and with a mi5:ture of 10 parts of trichloro- 
fluoromethane in 150 parts of a modified 
toluylene diisocyanate. Afetr thorough mixing 
of the components, the mass immediately 

15 starts to foam and solidifies within a short 
time to form a rigid, abrasion-resistant foam 
material. 

The modified toluylene diisocyanate is 
obtained by reacting 15 parts of a poly- 

20 propylene glycol ether having an hydroxyl 
number of 365 obtained by adding propylene 
cxide to trimethylclpropane with 85 parts 
of tolu]^ene diisocyanate. The NCO content 
of the modified toluylene diisocyanate is 

25 33.7% and the viscosity 94.5 cP/25°C. 

E:;ample 7. 
100 parts of a polyester having an acid num- 
ber of 30.5, an hydroxyl number of 3S1 and 
a viscosity of 919 cP/25-C, prepared from 

30 730 parts of adipic acid, 636 pans of di- 
ethylene glycol and 357 parts of irimethylol- 
propane are thoroughly mixed v.ith 6 parts 
of a 17 /: potassium hydroxide solution in 
benzyl alcohol and methyl alcohol (3 : 1), 1 

35 part of the silicon compound employed in 
Example 1 and v^th a solution of 10 parts of 
trichlorofluoromethane in 160 parts of 4,4*- 
diphenylmeihanc diisocyanate (337: NCO). 
The creamy mixture of the components imme- 

40 diately starts to foam and solidifies within a 
period of a few minutes to give a fine-pored, 
abrasion-resistant, semi-rigid foam material 
having a very uniform and fine pore struc- 
ture. The foam material thus produced shows 

45 an unusually good adhesion to the \^-alls of 
vessels. V/eigbt per unit volume: 33 kg/m\ 



WHAT WE CLAIM IS: — 

1. A process for making cellular poly- 
urethane plastics, which comprises reacting 
under substantially anhydrous conditions an 50 
organic compound containing a plurality of 
carboxyl groups, having a molecular weight 

of at least 200 and an acid number of at 
least 20 with an organic polyisocyanate in the 
presence of a halohydrocarbon having a boil- 55 
ing point less dian 150<^C. and a catalyst for 
the reaction between isocyanate and carboxy 
groups. 

2. A process as claimed in claim 1, where- 
in the organic compound containing a plurality 60 
of carboxyl groups also contains one or more 
hydroxyl groups and the sum of the acid 
number and die hydroxyl number is from 
150 to 600. 

3. A process as claimed in claim 1 or 65 
claim 2, wherein the acid number of the 
organic compound containing a plurality of 
carboxyl groups is from 30 to 60. 

4. A process as clr.jnied in any of the pre- 
ceding claims, wherein the halohydrocarbon 70 
has a boiling point of less than 50°C. 

5. A process as claimed in any of the pre- 
ceding claims, wherein the organic compound 
containing a plurality of carboxyl groups has 

a molecular weight of from 500 to 2500. 75 

.6. A process as cluimed in any of the pre- 
ceding claims, wherein the halohydrocarbon is 
employed in an amount of from 10 to 50 parts 
by weight, based on the weight of the organic 
compound contaimng a plundiiy of carboxyl 80 
groups. 

7. A process for making cellular poly- 
urethane plastics, substandally as described 
with reference to any of the Examples. 

8. Cellular pclyurethane plastics, when pre- 85 
pared by the process claimed in any of the 
preceding claims. 

ELKINGTON & FIFE, 
Qiartered Patent Agents, 
Bank Chambers, 329, High Holbom, 
London, W.Cl. 
Agents for the Applicants. 
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